CONSISTING OF | 
|Plain, Eafie and Conciſe-Rules for the 
Speedy attaining to that 4 RT. 


Exemplified by various PROBLEMS, 
with the Solution of their Aquations in Numbers. 
BY 
A New and General Method of Reſolving all kind: 
| of Equations, both Pure and Adfefted, with. 
great Eaſe and Expedition ; very EPIIK S 
from all others yet Extant. 
APPLIED 


* _ 
FU] a af Ad tid ae 
YL ” * PP 


[To Squaring the Circle, Making of Saves, Tav- 7 7; I 
gents, Secante, and Logarithms with great foley: BE LS,” 
TY5 #5: p 


ALSO 


: 40%," 
'An Hemi concerning Compound. Intereſt and Aomatiery. 5 


By FOHN WA RD, Phylomath. 


Heretofore General Gauger in the Revenue of Exciſe. |(*4 


| LONDON: | 
[Printed for the Author, and by him Sold at the: Black-Boy 
Coffee-Houſe in Goodmans-field' 5; by F.Taylor 


the Ship in St. Pau!” s Church-Yard ; by F. "ir yr and-77 big 
CookeMathemarical Inftrument-makersund mn} 1-5 
© Church in Fleet-ftreet ; and in Thr tad e de oO i695. "4 


"'S 
- 


4 _ 


*” _ 


PUQN FH .,cGO SOM KrnyY fm U£© ry 


TO THE 


| Honour'd, and Learned 
"Mr. JOSEPH RAP HSON, 
Fellow of the Royal Soctety. 


SIR, 
HE Mathematical Sciences have always 
been found of ſuch general Ute and Ad- 
vantage amongſt Mankind, That- 'tis no won- 
der all Ages have produc'd ſo many Great 
and Eminent Perſons, who have 'employ'd_ 
their Studies for the Improvement of thoſe ' 
Excellent Arts , wherein their Labours have 
had great Succeſs ; ſuch were Euclid, Archi- 
medes, Ptolomy, Galileus, 8&c. But to omit all 
others, and come to our own Country and Age, 
What great Improvements have been lately 
made? To inſtance only that of Logarithms * 
( the. Noble Invention -of the Noble *Lord® 
Napeir) fo uſeful and neceſlary in the moſt is 
conliderable Parts of Mathematical Operations, . © | 5% 
Not inferiour to any of theſe, is your owg' ' ++ 
Diſcovery of Reſolving Adfe&ed AEquations-, 
. the Value and Advantages of which, ſuccced-- | 
* ing Apes will be enforCd to acknowledge, as: "ll 
l AY _ that i 
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- that which has not only awaken'd, but en- 
courag'd the: Sublimeſt of Mathematical Ge- 
nius's to procced in the further Diſcoveries of 
ſuch Myfleries as lie yet canceal'd, and by the 
more Supine have been thought Impoffbilities. 
Among the reſt, I (although the. Meaneft, yer 
not the leaft Laborious) have preſum'd to give 
the World a Taſte of the Efi:As of ſome Years 
Experience. And theſe my firſt Fruits I humbly 
Preſent to your ſelf ( worthy Sir } as being a 
Perſon, who for your peculiar Learning, Pains 
and Induſtry beſtowed on this particular 
Study , may deſervedly be deem'd the moſt 
Competent and Proper Judge of theſe enſuing 
Pages, which if you are pleas'd to Accept and 
. Approve , -you will thereby become my Pa- 
tron to prote&t me from the Cenſures of others, 
I am 


SIR, 
Your moſt Obliged, 
And Humble Servant, 


FOUHN WARD... 


TO THE 


READER 


Have adventur'd in this Critical Age, to preſent 

the World with theſe few Sheets, which are 4 
Compendium of ( thet Univerſal Part of the 
Mathematics ) Algebra; not inſenſible ,that ſe 
veral very Eminently Shilful in all Parts of Ma- 
thematical . Literature , have both Largely and 
Learnedly handled this moſt difficult Subjet : The 
Thoughts of which almoſt prevented my Attempting 
any thing of this Nature. But when I conſider d - 
that moſt of thoſe Authors Works were ſo voluminow, 


-that many Perſons who have a Mathematical 


Genius or Fancy tending that way, might perhaps 
want Time, or other Conventences ſuitable to the 
Peruſal of ſuch Authors ;, and not only fo, but ſeveral 
very well verſed-in other parts of thoſe Studies, have 


' wholly declined this Art, being deterr d from it 


by the Difficulty and Tediouſneſ3 of Reſolving Ads 
feed Aquations into Numbers, there* never 
having been in any Book that I have had the 


opportunity of peruſing, ( Mr. Raphſon's Analyſis 


Aquationum Univerſalis excepted ) any eaſic 
Method preſcribed for effeFing the ſame ; which 
' IT was moſt certain T could perform with great 
[ITY and Expedition, 

A2 Theſe 


To the Reader. 


Theſe Conſiderations prevail'd with me to be- 
licve, That if tlere were ſuch a Treatiſe as began 
with the firſt. Rudiments of Algebra, and pro- 
ceeded graduaily through the ſeveral Parts of It, 
Plainly ſhewing how to form, and bring any Pro- 
blem 70 an quation , and then ſhew how to 
Reſolve that FEquation into Numbers, it would 
undoubtedly be wery Acceptable to all Lovers of 
Art, | 
For theſe Reaſons T compoſed this Compendium, 
contratting the ſame (both for Convenience of 
Price and Portability ) into as narrow a Compaſs 
as poſſibly T could , (though the Contents of it would 
have filled a Layer Book, ) and yet I preſume 
there is not any thing omitted that might conduce 
towards the Learners Attaining to a perfet Know- 
ledge of this Myſterious Art, which is indeed the 
very Principal or Kernel of all the Mathematical 
Sctences, as being the Inventive Part. 

To be brief, the whole is Methodical, Plain and 
Eaſfie, the Rales being digeſted and freed from all 
Obſcurity, and explain'd by various Examples in 
each part of it , beginning with ( what I call) 
Algebraic Arithmetic , treating of every Part 
Jdiſtintly, 

Next, 1 introduce the Learner into the uſe of 
#he ſame, by Plain and Eafie Pueſtions in Num- 
bers , thereby teaching him how to-bring Luan- 
rjties to an Equation, &©c. Then I ſhew how to 
Extract 


To the Reader. 


Extraft the Roots of all pure Equations, viz. 
Of the Square, Cube, Biquadrate, Surſolide, &c. 
to any Height or Power whatſoever ; by a New 
and Eafie Method (never before Publiſhed.) 

Aﬀeer that, I Proceed to the Reſolving of Geo- 
metrical Problems, firted for the raiſing UVa- 
rious Forms of AdfeCted Aiquations , Reſolving 
each into Numbers ( ſhewing the Conſtrufion, or 
Riſe of each Theorem for their Solution) as they 
are Produced, Applying the ſame to a ſpeedy Ap- 
proximation for Squaring. the Circle , Making of 
Sines, Tangents, and Secants, with a New and 
Speedy Method of making Logarithms, &©c. 

T have alſo annexed (though ſomething forreign 
to this Subjet) a Short Appendix of Compound 
Intereſt and Annuities, ſhewing the Foundation, 
or Riſe of thoſe Rules, by which Lueſtions of 
that Nature are performed, 

Theſe,, with ſeveral other Compendious Con- 
trations not mention'd here. nor in the Title, are 
zo be found in this ſmall Treatiſe. IT am not ſen- 
ſible of any Deficiency therein ;, only, the rough and 
unpaliſh'd Style in which it is deliver'd, may per- 
haps leave ſome room for the Cavils of Critics , 
more eſpecially thoſe that ſeek, for Opportunities ; 
o ſuch I know there are, that will pick any Luar- . 
rels, when out-done, or contradifted in their com- 
mon Prattice : However , not to ſuch; but to the: 
Ingenious, I willingly ſubmit, not doubting of their 
candid 


To the Reader. 


candid and favourable Acceptance, hoping withal, 
they will receive ample Satisfattion from theſe my 
Labours, which is the only thing deſir d, and aim'd 
at , By 


April 10/9, - Their Real, | ( 
I699. | 
And Hearty Well-wiſher, 


JOHN WARD.| 
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or nmmniing great Care hath been taken for the avoiding 
| Errors of the Preſs (which Books of this kind are very 
ſubje& to) ſome Literal Faults have cſcap'd, ſuch as in the i 
Firſt Page , Deffinition for Definiticn, and Obtruce for abftruſe, þ '# 
with ſome few others of rhe like kind elſewhere, of which, thcle F 
are the moſt material, viz, 

| Page 15; Line 27, for Second Example, read Firft Examp'e 

Page 25, Line 21, for Compaſſion, read Compeſition. 

OF 3RRa — ana - 


Page Line 18, for nth 
peta ponder 2R R 


* + 3RRa — a4a4 
Rt 268 4 2RR 

Page 85, Line 15, for Call us, read tel! ws. 

Page 87, Line 26, from the ſame, read for the ſome. 

Beſides theſe, I dare not warrant that none have eſcap'd un- 
ſen; bur if there happen to. be any, I am very ſure they are _ 
ſuch as can no way diſcourage, or hinder a Learner from tracing 8 
each particular Proceſs, both inthe Specious and Arithmetical | of 
Operations. » thi 


A 


A 
COMPENDIUM 


| ALGEBRA. 


ding CHAP. LI 


ruſe, i Of the Nature of Algebra, and Def- 
nition of the Symbols, or Cn 
; uſed therein, &c. 


Shall not undertake (in this ſmall Tra) to give 
an Hiſtorical Account of the Original, or Antiquity 
either of this Art, or its Name ; but confine my ſelf 
within the Limits of this Deffinition, that (chat which 
© is now called) Algebra, is an Artby (the help of) which the 7 
| un- moſt difficult and Cn One in Arithmetick, Cu Gl 1 
/ I" or Geometry, may be Reſolved, by an Univerſal Method - 
«ical Y of Reaſoning, and comparing of known Quantities with 
thoſe that are unknown. 


B And 


2 Anebatick Difinitions. 


And this way of arguing, or comparing of Quantities 
with Quantities, nor only difcovers an Anſwer to-the 
Queſtion propoſed, bur-art'the fame time doth raiſe {and- 
demonſtrate) Theorems, or Rules, for the Soroiving of all 
Queſtions in the like Nature. - 

And from hence it is, that fo many Curious and Uſeful 
Theorems, Canons, or Rules are firſt diſcovered, which 
are” of excellent uſe in the Practice, but would for cver 
lie hid-were it not. for this Art. 


This Algebraick Arithmetick, is performed by ſubſti- 
tuting of Alphabetical Letters, to repreſent as well-the 
known, as the unknown Quantities concern'd in any Pro- 
blem, (be-it Ariehmetical, or- Geometrical.) And to theſe * 
Subſtituted Letters, are prefixed'certain Symbols, Notes or 
CharaQers, by the.belp. of which, the Quantities (in their 
ſubſtitutes) are ſo connetted, and ordered, that thereby 
. they become. capable of being compared, and moulded by 
Addition, Subſtraftion, Multiplication, and Diviſion, &c. 
according to the Deſign or Nature of the Queſtion : And 
this is ſo done, as tha all the Qyantties concern'd therein, 
(as well the ſought as the given) were really known ; till 
at. Jaſt the given Quahtities comes to an Aquation (or. - 
Equality) with the Quantity that's ſought, (or ſome Power 
thereof) that fo it may: be found. 
In all which various Operations and Compariſons, all 
the Quantities concern'd in the Queſtion, remain in their 
ſo plain and clear, that they neither burden the 
By mory, nor me the Fancy Hr on the oobepary __ 
b eſenting to the 'Eye (at once')* the Pro- 
: kb pon bh uſed __— the whole Ma- 
er ck co of a Queſtion. : 


' The Methcd of noting down theſe Subſtiroes'i in- this: 
Tratt is this. I make choice of repreſenting the' Quan- 
tity fought (be it a Line, -or Number) by the ſmall (.#,}- 
and if more than oneare ſought, I make- Aeof the Vowels; 
48) or (y;) &c. to repreſent. them. And for the given Quan- 

titics,. 


48-32-48] 
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tiries, (be they either Numbers,Lines,or other Magnitudes,) 
Irepreſent them by the Conſonants 6, c, d,f, g, &c. And 


-for Diſtin&ion I note (as winal ). all Schemes with the 


Great or Capital Letters, and work all Operations with 
the {mall Letters. +. Io $i 


If any Quantity be taken more than once, prefix its 
Number ; as 64, 5b, 9c, 3: d,\&c theſe ftand for 4, taken 
Six #imes, or Six times 4, Five times b,.&c- And all Num- 
bers thus prefexed to any Quantity, are cated Coefficients 
(or fellow FaQors) bur if rhe Quantity have no prefixed 
Number, (or Coefficient) then ſuch ntity ftands-for it- 


- ſelf once taken, and is ſippole;(we-xpderſtood) to have an 
Unit prefixed toit, as #, 8a, '6r 6, is 1b, O's. -- ; 


The Signs rade uſe of in this Tra®, for the more ſhort 


and quick expreſſing of Words, are the moſt General now- 
in uſe, and are thoſe following. 

N. B. Note, That it is very requifite for the Young 
Learner of this Art, to be yery perfect in the kngwledge 
of the Signs, and their Significations., befbre he gracecds 
further therein ; that is, -before he intermedles with any” 
of the following Rules. | 

AlfoI adviſe him to be very ready in one Rule, before- 
he undertakes the next ; that is, to'be expert in, and un- 
derſtand Adaition, before he medles with Subſt#aZion ; 
and that of Subſtrafion, befgre he undertakep that of 
Multiplication, 8c becauſe they. have cach a Dependency 
one upon the other. 

And by this method of proceeding, he may make bim- 


ſelf Maſter thereot, or. at leaſt arrive to a competept 


knowledge therein, with. caſe, and .in a very ſhatt ſpace 
of time. Si 


yy Fa 
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4 Agebwmick Definitions. 
Signs, Names. Significations, 
The Affirmative Sign, and Sign 
: Mor of Addition, as s + 6, fignifieth 
as [3] 6. that the Quantities, -, and 6, are 
| to be added together. > 


The Negative Sign, and Sign . 


= £3 Leſs, of Subſtrattion, as @ — 5, ſignt- 


fieth that the Quantity 6, is to be | 


taken from that of a. 


The Sign of Multiplication, as | 


a X b, ſignificth that 4, is to-be 


N [2] ' Into, Multiplied into &, but oftentimes | 
the Sign isamitted, yet is under- 


ſtood, as 8b, is 4 x 6. 


The Sign of Diviſion, as #6, | 
ſignifieth that #, is to-be Divided { 
PR $3 By. by 6; yet this Sign. is alſo often | 


omitted, as = is 4— 6, or thus; | 


b) a( 
<4 $3 Proportion, 0 55 in the Golden Rule, and is thu, 


nf 


ner, as 4, istob, ſoisc, to d:- 


© = $3 Continued.) Geometrical Fropor;um 3, Fat 3, 


| Signifying the Product of the 
on [2] Ergo. Two Extreams, is equal to that of 
| the Means,and [".']is placed in the 

Margin after Proportion. © 


8:6::c:d. tobe read inthis man- 7 


S 199. 


The Signof Disjun& Proportion, | 


= 4 * 
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Signs. Names Significations. 

in TheSign of Acquation, or Equal 
ieth = $3 Equal, to, as 4 == 6, ſignifieth that # is 
are equal to b, &c. 


The Sign of Involution, and 3 is 
gn. placed in the Margin of a Proceſs, 
©- [2] Irvotve to ſignify , that fach Quantity, or 
Zquation to whictit reters, is to 

be Multiplied by it ſelf, &c. 


as | . The Sign- of Evolution, and is 
- be WW [2] Evolve, cf placed-in .the Margin, to fignify 
nes | the contrary to lnvolution, viz, 
er- ; The Extraction. of the Root, &+c 
: - The Signof Irrationallity, or of. 
6, - \ 2 Surd Root ; over which, if a 
ed 8 [2] Roos, A Number be placed, it Ggnifieth of 
en * 4 : what degree that Root is : And 
this Number is called the Indes,, 
WB, i thus. 
4 x Square 
MN, Y © Das the I Gwe Root, & 
1s, 8 v _ ) Biquadrate WF 6G 
Q- 3 V - Surſolide 


4: Signifieth an Univerſal Root,, or Root of Roats. 


9 | : , The Sign of Majority, as 4 >-6, 
| - 5 _— . Por that & is greater than & 


- | The Sign of Majority reverſed, 


j .< [7 Leſter. as 6 <c,lignifieth, that 6, , is Leſſer 
e | than c. 
f 
. | Signifieth- the FLO of any 
On $3 Square "Numbers, or Quantities, or of an 
: Equation, as (7 # + þ 4+ 6; &c. 


is the Square of #, more-5, merges, 
B3 The 


6 Algebqaick Definitions. 

The chiet of theſe Signs, or CharaQters wherewith the 
Subſtituted Quantities ( or Letters) are connected, be 
More, and Leſs, wiz. The Sign +>, and Sign — ; where 
Note, That the Sign always belongs to the Quantity that 
follows it, (or is to the Right Hand thereof,) and not to 
that which is before it. And if a Qyantity hath no Sign 
prefix'd before it, (as generally rhe Leading Quantity hath 


not) it's then underitood to have the Sign -+- prefixed, 


ws, is 4, orb + H©, 8 + 6 4-4, &c. . * 


If ſeveral Quantities be conneCted, or engaged in any 
Queftion , they may ſtand in any order at pleaſurg ; 
us 4 + b — d, may ſtand thus, a— d—-+-6; or thus, 
— 4 ++ a + 6, &c. being ſtill the ſame, tho different- 
ly placed ; and theſe are called Compound Quantities, that 
is, when Two or more different {ingle Quantities are con- 
nected together by their Signs, of. which mcre in its due 
- place. . 


The Method uſed in this Tract, of placing Figures, and 


Signs in the Margin, according to the ſeveral Steps, or 
Proceſs uſed in forming of arr Mquation, is the ſame with 
that of Mr. Branckers, (or rather Dr. Pells,) in his Intro- 
auffion to Algebra , Printed 1668, (which hath of late 
been followed by others) and is thus to be underſtood. 
The Numbers 1, 2, 3, 4, ©. in the ſmall! Column,. do 
ſhew the ſeveral Steps uſed-in the forming, or bringjng 


the Quantities concerned in/any Queſtion to an Zquation : 


And the Numhers placed in the Margin, have relation to 
thoſe in the ſmall Column, and-the Signs placed betwixt 


the ſaid Numbers in the Margin, do ſhew, how the Quan- 1 ; 
 tities that ſtand againſt the like Numbers in the final | 


Column have been-ordered;, either by Addition, 'Sub- 
ſraCtion. or otherwiſe. And this Method of Regiltering 
--the feveral Proceſtes, is very uſefith, eſpecially in long and 
; tedious Operations, as will more fully appear'in the 
- Practice thereof, An Example or Two will help to-ex- 
- Plain the ſame better than Words. Sq 


Suppoſe 


VE 
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he Suppoſe it were required to ſet downthe ©1m of the Two 
be Quantities, #, and 6, according to this Method. 


_ Thus | 1 | Having placed down the Quan- 
= al b tities a and 6b, againſt the Figures 
=” | 1,2, in the ſmall Column, alſo 
mn & r-+2[3la-+%&] againſt 3, muſt be placed 1 + 2 
th | in the Margin, which denotes 
d,, ® thatthe Quantities inthe Firſt and Second Steps,are added 
% together, and thoſe inthe Third Step, are their Sum. 
- To illuſtrate this in Numbers, ſuppoſe a = 8, and 
& +: * . 


153 Quantities. j -Numbers, 

IS, 11 2 3 

t- F. 21h 6 

at þ 

1- 1-21} 3 a +- b 8 + 6 =14 


pots it were requircd'to ſet down the Dif- 


(: Again, ſu 
& ference of the ſame Two Quantities. 


a I Thus | 1 | a 8 
Yr | » 1+ 6 
« t—2|3]a—6 8 — 6 = 2. 
e $ Again to ſer down therr Product, 
$ Thus | 1 | a 8 * 
"2 2 | b . | 6 
| ws a olagi=r 
: | Theſe Definitions of the Signs, (or Notes) Method, @:c. 


FF. being premiſed, and pretty well underſtood by, the young 

- By: Learner, (for fo they ought to be,) He may then proceed * 
s BB = to the ſeveral parts of Algebraick Arithmetick, viz. Ad- 
_ dition, Subſirattion, Multiplication, and Diviſions &c: 
S In the delivery of which, I ſhall begin with ſingle whole 
1 Quantities, in each diſtin& part thereof, then proceed'in 
- the like Order with Compound Quantities, and fo on to 
- " Frattions, treating of cach ſeparately, with what plaineſs 
" and brevity Ican. 0 © - rtf 

l : CHAP, 


$ Algebzafck Arithmetick, 
CHAP. II. 


Of the ſeveral parts of Algebraick 
Arithmetick, and how the 
performed. 


fame are 


I I. Addition of Single whole Duantities, 


Rule 1. FF the Quantities be a like, and have like Signs, 
add the Coefhcients (or prefixed Numbers) 
and adjoyn, the Quantities. with the ſame Sign, 


Thus | 1| 2 — 3b | + 5bc] — 6abc 
2| — 5b| -- abc | — 7 abc 
l+2|3|24 — 3s 9 be — 13 abc 


Rule 2. When the Quantities be alike, but have unlike 
Signs, ſubſtratt the Coefficient from each other, and. ad- 
foyn the Quantities with the Sign'df the Greater, 


Th | 384 |— 56] —vbd 10 abcd 
* be Bae ymaer{ Soon s of Mite wr 
i+z2|3| 24 [+ 26|— 26b4]|— 2abce 


Rule 3. But when the Quantities be unlike, (be the Signs 
alike or unlike ) ſet down the Quantities with their ye- 
fpeive Coefficients, without altering their Signs, and 
thence ariſeth Compound Qyameities; - 


Thus | 1] 4 a | — 7ba | 
$4 b — 6 | + $bag _ 
1+2]3ja+6 Ja—6 |} Tag —þad 7 
Alſo thus | 1 | 4 — $4 f 
2 |b — 76c __. 
3] c raw, ASA WERPSENS 
i1-F2-+H3[4 40 


ck 


TS) 


p p 3 * * + 3 L *-F., "I 
+ 5 " = "4 
;  -% 
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F. 2. SubſtraQtion of Sing/e whole Quantities. 


General Rule. 
(m—_—_ atleaſt in your Mind ſuppoſe to be changed) 
all the Signs of the Subtrahend ;- then add, or collect 
all. the Quantities together, (as before in Addition) and 
that Sum will. be the Remainder, or Difference ſought. 
For Example, Suppoſe it were required to find the Dif- 
ference of theſe Quantities, 
24 $6 — 7 be 2 bs 
| F Fb LS | 2 ba 


According to the Rule, the ſame Quantities will ſtand, 
when their Signs are changed thus. 
[jj 28 86 — 7 be 2 ba 
2] —#&s| —56 | +46 |—268 


— c_— 


I—2]3 4 36 —— 3 oc O 
But this may be done by ſuppoſing the Signs changed, 
without ſetting them down again. 
Thus | 1 5a | —4bc j— 5bd © 
H 4 I $he [—B$bd_| —2 
1—2z|3 78 | —obe | + 3.64 | +2 


J 


Again, | 1 & | —4b p+5bd 
W Z b a [= 7 hf . 
1 —2|3 |] 4—6|+3a—4 5 bcd — 7 baſ 


Thus Compound Quantities, are produced by Subſtra- 


- ion, as they were by Addition. 


Note, That Subſtra#ion is proved, by. adding the Sub- 


- trahend to the remainder ; as in vulgar Arithmetick. 


Thus: |. 1 | py ae 4 — 4abd 
It | 


127}. 


70 Agebick arithmetic: 


C. 3. Multiplication of ſingle whole Duantittes. 


Role 1.: Jag» Quantities have no Coefficients, and have 
ike Signs, joyn them together, whether they. 
de like or-unlike, and to the Product prefix the Sign +. 


Thus [8 | ab — bc — ab 
2 5 b ca — af | — 4 
1x2 | 3| ab abcd . | +- bf | aba 


Rule ». If there be Coefficients, Multiply them, and ta 
their Prodact joyn the Quantities, (&t together 2 as befvre..) 


Thus +I 4: 7.bc : CES... ot be 
214 tag | = Bf 
1x2 [3 5 ab 28 adbs | EE — 


Rule 3. And when the Quantities have unlike' Signs, the 
Operations are the fame-with the Suregoing 3 z only to the: 


f. Produtt prefix the Sign —. 

= "Thus | 4 cM. ] —bc =_— 1 —bs 
J —b | +&d | +-642ad |} + 12 _ 
; 2X3 | 3 |-—- -— 8b — fed =_ 42.556 — 1204 


"em hence it appears, that like Signs produce it! the Aﬀer. 
mative Sign —-,but unlike produce the Negative Sign —- 
The Reaſon thereof may be thus ftated : Suppoſe 
a = any Aﬀermartive Quantity, and let '— 6 = — 2, 
then is + equal to 2 leſs than nothing ; (for- ſo are all Ne- 
gative Quantities,) Now to Nubophy any Number or- 
Quantity, iraplies a putting together of_the {ame, ſo often 
2 is the Number in the Multiplier, as # x 2 = 2, or. 
.@, twice put together; But if the Multiplier be — 2, then 
F x implies the taking away of. a, twice z and therefore the 
Product muſt needs be — 24, that 1s, ſh X—2_=——26, 


er a x — b — — 8b, as above. . But.to Multiply . —. 
into — 2, by the fame Reaſon, -it will take: away the Des: 
fect of a, twice , which is the ſame as to ſupply i «; rhe 

fore — GS — 2 =$24 or — 4x — <= —_— Sent 2 


*.. | $4 Di 


hs 


Atgetzaick Arfthmetick,, xx - 
I. 4- Diviſion of ſingle whole Duantities. 


ave *Rule I, F” they have like Signs, and no Coefficients, and 

if there be like Quantities-in the Dividend, 
1} as there is in the Diviſor, caft off ſuch Quantities in both, 
| and ſet down the other Quantities, with the Sign us 


mn] Thus |1 | % | whed rn. ons 
—_ 2] 4 be — bf — 2 
1 tral 1—2[3 b ad ME =7; — 1 


N. B. Note, That when the Quantities im the Dividend 
and Divilor be all the fame; then the Quottcan! is an Vanity 
— 1 as in the laſt above. - 


the Rule 2, But if the- Quantities have Coefficients, divide 
the. the Numbers (as in common Arithmetick,) and to the Quo- 
; tient prefix the Quantites. 


- = [alzs —_—— —_ j=if : 
F 


—[3 [tz T STE. 


Fer- Rule 3. When the Quantities have unlike Signs 3 the 
—— {| Operations are the ſame ; only ſet down the Qyotient with 


4s" the Sign —-. 
Ne- Thus j 15 — = 6 ab "OR — 8 ad 
- or: | 5. «SN Yrs to | 


— +£: 4 — 
- & 


ten Þ 1213] << SES 


hen | Bur-when 


19141414 
ac 4 ; ' 
oy ng "F7 7 4 . Ky 4x ' 
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$. 5- Involution of ſingle whole Quantities. 


7-Nvolution is performed as Multiplication is,(and indeed B 
is no more but Multiphcation differing only in this, 4 
Multiplication may be perform'd by different Multiplica- 
b tors, but Þvolution ſtill retains the ſame.) If any Quanti 
(or Quantities) be involved, or drawn into itſelt , and aft- 
terwards into that Produ&t , or again, a third time, into 
the laft Product, ec. as manifold as is the power, ſo 
great muſt the Number be -that is uſed to expreſsit ; and 
this Number is called the Index of the power, and is ſet = 


<< Q, 41 Oo re 


after the Sign in che Margin. i 
Thus | 1 | x — 28 | bc 

I'@&2| 2 | aa ] + 42 8x8 | bbcc 

I @-3| 3 | aan — $8 aaz bbbcee Il 
I @& 4 1-4. 4444 = 16-4aga | bbbbccce W 1, 

I@ 5 |-:5 | 42248 | — 32 4aaan | bbbbbcicee 


Which may be ſhortened, by placing of the Indices over | je: 
the Quantity (or Quanties) according to the height of the Þ Ro 


Power ; by ſach Method the Work will ſtand thus. qui 
int 
Jil @& [| —@ |. bc .| Root ſuc! 


Il @&2]2| a + @* | b* c* | Square 
1@-3|3] a3 .| —a* | 63 5* | Cube 


——— 


b: z EL @&-4| 4} at | +—a*1 64 +--|Browndratice __ 
3 +@s [5] 4] —@&| 3 | Swjode, &c. | 1% 


{i 


ol 


atgedraick Arithmetic. x2 
$. 6. Evolution, ' ( or Extratting of Rows ) of 


ſingle whole Duannities. 


Rule. JF the Quantity have a Root, (which is eafily dif- 
cover*d, by comparing its Index with the Root 
required, ) divide the Index of its Power, by 2, if the 
Square Root be deſired ; or by 3, if you require the Cube 
Root, &c. and the Quotient will give the Root required, 
dealing with the Coefficients, or prefixed Numbers, as in- 
Vulgar Arithmetick. 


Thus 
I w 2 


a* | 36 bh | $1bbce 


I 
i & 5 8-4 obe 


2z 


1214 as $bbb bbbrad 
122i a* | If 86bbb | J bbbdad. 
I 3|2| 4* 26 OT. 


But if either out of the Indices, or out 'of the Coeth- 
cients, no exact Root can be extracted, according to the 
Root required ; then prefix before it the Sign of the re- 
quired Root ; and thence will ariſe a Surd Quantity, as 
in the Square Root of the Two laſt Examples above ; and 
ſuch are ſome of theſe following. 


' Sf 

2] _£#\— 3285 | #b} 2168 - -* 

I1wWw2|2| &| +3326) | / ab| & 2164 ; 
1wz|z| a |\—y32s* |\Yab| 64. 
IWw 4|4|Y 45 | -v 3247 | 4 ab] & 2164? 
ISI} Ai — 2a IlV/abl 2164. 


Thus I have gon through the Six parts of Algebrarck 
Arithmtick, in ſingle whole Quantities, which being well. 
conſidered, {and rightly underſtood) the following will be 
very, calie'z viz. Compound Quantities, 

eh gs,og 4/ C 


CHAP, 


The parts of Algebraick Arithmertick 
in Compound (Quantities. 


gebzatck Arithmetick. 
CHAP. III. 


C. 1. Daition of Compound Quantities is perform'd 
A in the ſame manner, and by the ſame Rules 
as ſingle Quantities are ; viz. by putting to- 
gether like Quantities, reſpect being had to the Signs; | 
and in caſe the Quanties be not alike, conneCt them toge- 
ther by their Signs, as in the laſt caſe of Single Quantities, 


Thus [1 | a + e] a+e|[+39—b+3c 
21 ae! a—el — 3a+6b— 2c 
1-+2|3] 24+ 2e | 28 C 
Again I &— b--c—7|— 4c-- bd 
; 2 a — rpg 4 books rs 
3/!—a+2+d44+6]+4—zbad 
1I+2+2|4] a+ d4-+2 | 2bc+2bd 
Again, t | 48 += 246 5 bb a* += 3bba + bbb 
. 2 — 446 — 6bba 
1-+-2|3]| 4s — 2ab + bb \ya3 + 3bba -+ bbb _ 


C. 2. SubſtraFion in Compound Quantities, is in all re- 
fpects like that of Single Quantities, care being taken of 


their Signs as before. 


Thus . 


| 
2 


8 + b [244b+-2c| 48 +3b—75 
a —b| a +b—+ c — a 4b +35 


EMC: 


3( 


2 b 8 cc 54 —-- b-—+x10 


wy; 


OR <P" 
aa 28b = 2.4 01:78 
—- 4ab | 38 — b:— 36, 2 


i—2][3| 


— 


as — 2ab —+- bb | — 3 + b 4-4-7 ; 4 


o % 4 P_ 
bk . ” s e * 
{ 3 Y 
[ 3.M <.- 
L T 
2 & 
, M4, 
. A 


«FN 


Algeboatck Arithmetick. 5 

C 3. Multiplication of Compound Quanties is the ſame 

with that of Single Quantities ; for the Produ&t of each 

Member of the Multiplier, into all the Members of the 
k Mulrtiplicand, (reſpect had to the Signs) is the Product. 


Th d | a 
nh 4 bs ge 2þ o+ 4d + f 


os I 2 | 3 | 3ab + 54b | abbc - 2bce —- 8cbdl +2 bf 
to- 
ns; | Again at large, 
ge- 
= 1ſa —b +c 
: 2 [6 — 
3c 1x6 |[3;, ab — bb + bc Product by & 
2C 1xﬀxd |4 — ad +- bd — dc Produtt by — d 
2 Ix2 [51a3 —Tb + be — ad + bd — ac. 
bed : Again, 
bed 
bed 1 ad +f —3 
oy = fb—36b Produt by - b 
IE ab + db +-fb—3 u ; 
| We — ac — de—fc + 3c, Produtt by — £ 
1%2 |3|ab + db +fb — 3b — ac— dc— fc-t: 3c | 
Ss C. 4. Diviſion of Compound Quantities, is perform'd 
re. like that of Single ; and if any Doubts ſhould ariſe therein, : 
of they are eaſily reconciled, by conlidering, That Diwifron * ... 


diflolverh what Multiplication puts together ; and-there- 
tore to be pertorm'd by contrary Operations, 


7 
35 Thus | I | 3ab + Sab | 2bcf -4- 4bbe +=» 2bcc=—$8bcd 
—_ 2 6 | 26c 4s | 
r2 [5] 34 + 5d | [tab ohme 40:7 


9 
% 


Sx | Thus-the Product of the Second Example in Mulriph=#e 
Ya cation; divided by 26c, gives 2b +- c — ,& + ff... © i 
.* 04 ITS, 

0 NED Cz Examples 


16 


_—_ 


- Algebzaick Arithmetick. 


Examples of Diviſion at large. 


Suppoſe the Produdt of the laſt Example in Multiplica- 
tion, were given to be divided by 6 — c, the Operation 


will be thus perform'd. 
I - > _ A —. 26 Ls 
2 —_ 
2 Xx a |3| ab —ac eh (+ 2 
3/4] EG =T (+4 
2X dAls + db — ac f 
I—F[6] + bf — fe (4 
2 x f [2 S-bof —fe ___ 
x —7|8 —3b-3c (—3 
2% F|9 le SHI IC 
I — 9 [10 4 | O 
1 —2 [11] 4+d4+f—3. Each Quotient Collected. 


Oftentinzes the” whole Proceſs is omitted , only ſet 
_ with the Sign — 
b—+8) aa — bb ( | 


' When the Dividend will not be juſt Cti_n of with- 

pa Runghner, in ſuch Caſes, ſet all down (like the 

of a Vulgar Fraction,) as in the laſt Example of 
-Single Quantities, 


Thus aa — bb -— 34, or 


| Te om hg a+ 2d <j> 


her 
7. | a+ 


war" 


Algebzafck Arithmetick, 


T7 


5. Irvolution of Compound whole Quantities, is pers 


4+} in all reſpe&s hke Multiplication. 


Example. Suppoſe the Square , Cube , or any other 


Power were required, from the Compound Root a-+-6, 


2 or 4 — b, ViR. a Binomial or Reſidual Root. 
Binomial. Reſidual, 
Zc i] a +-6 a —b 
a + þb a—b 
a 1 X s|2 | a@s + ab 1onpoyermagg 
a 1X63 — ab + bb — ab bb _ 
15-2] 4 | aa + 2a6b-+bb aa — 2a6 + 6b 
F 2 a 4b a—b 
4Xals| 4 24aab -+- abh 93 — 2a8h + abh 
-3 4 x b6} —+aab+2abb -b — aab +azbb-63 
I 3-3] 7 | a3-+-344b-+-3 abb-4+-t3 1g. 3aab -3ab6 — —& 
3% Thus are the Square and Cube produced from their 
Roots ; and by this Method of Multiplying by the Roorg, 
by may any Power be raiſed-from any Compound Quantitic< 
given : Other Methods there are, but this I a to be the 
of plaineſt, (and moſt Natural) for a Learner's Prafice. 
Again, Suppoſe the Square of 4 -+- 6 + c, was re- 
, quired, 
ne Trinomial Root. 
or a+b uy 
ab —c 
I X4|[2jaa—ab —84a m 
1*6b6|3 bor $7 + FA —, 
I.XC(4 —+ ac + be + cc 
1.52 U aa -f- 2ab + bb -+ 2ac #+- 2bc + cc 
- The Þſe, and eaſier Conſtruftion of Powers arifins 
o 'fota,; 5,4, or more Members in the Root, ſhall be ſhoves 
X ed hertakrer, 
te" uy 


C3 


S 5. Ea 


% 


z3 Atgeboaick Arithmetick; 

C 6. Evolution of Compound Quantities, is the Con- 
verſe of Involution, (and conſequently perform'd by con- 
trary Operations.) Whoever intends to be yery dexte- 
rous at Evolution , or. extrating of Roots out of Com- 
pound Quantities, remaining in their Species, muſt. be very 
ready, and underſtand well the Genifis, or raiſing of 
Powers from their Roots ; otherwiſe it will be difficult to 
diſcover whether the Given Quamiities have a true Root 
or not. 

The Problems in this. Trad require no ſuch Operations 
If that it may not appear deficient, obſerve this eafic 

ule. 

Take ſo many diſtinct Quantities, as there are concerned 
in the Given Power to be evolved , and involve thoſe 
Quantities (fo taken) to the height of the Given Power, 
(without reſpe& to. the Signs ;) this new. raiſed Power 
being compared with the Given Power, will ſhew whe- 
ther it have a true Root or not ; which if it have, then 
's cafily evolved”: If not, then it is a Surd: Compound, 
and muſt have its Sign prefixed to it, and is no other- 
wiſe to-be expreſied; till ir come tobe evolved in Num- 
bers. « 

But becauſe ſuch Operations are tedious, I ſhall omit 
giving Examples thereof. in Species , and according to 
the Defign of this Tra&, (which is brevity,) proceed to | 
Fractions, 7 


CHAP. 
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CHAP. IV. 
Of Fractions, or Broken Quantities: 


Q. 1. Phat is done about vulgar Fradtions im 
Numbers , the ſame may alſo be performed” in 
Puantities, 


a Given Denominator , multiply both to- 
gether for a Numeratoe, and _ the 


Rule 1. s iT bring whole Quantities to a Fraction of 
Given Quantity for theDenominator; thus, 4 == &, and 


4c +a  dbb-dd 
+a 4+ , =—_— 6 


brd 
} F-—--+ —7> alſo 


Rule 2. When whole Quantities are: to-be expreſſec 
Fraction-wiſe, give them an Unity for a Denominater, as 


aa 4== and. ad + bc = =, 


Q 2. To reduce Fractions 70. 4 lower Dentng 
110n. EP 


Rule 1. Hen the ſame Quantities are found: both 

in-the Numerator and Denominator, caſt | 

them _ in both,.and a Fraction remains of the fame 

value, 7 = = matt 6 _— 

Thus the greateſt common Diviſor brings the Falling 
ro the loweſt Denomination. . 


Rule, 


20 Aigebzaick Definitions, 
Rule 2. But when the Fraction is a Compound, the 
Method to obtain that common Diviſor, is by dividing 
the Denominator by the Numerator, and the Numerator 
by the Reſidue, and fo on (as in Vulgar Arithmetick,) *till 
there remain nothing ; by the laſt Diviſor, divide both 


the Numerator and Denominator of the Fraction ,-and it ® 


will be reduced to-the Loweſt Denomination. 


| $ ab + <> 
Example. Let the Fraction propoſed be CNS ans 


| 1 | an + 2ac + c, the Denominator, 
2 | ab + bc, the Numerator, 
: a — c 
Ra 32 Sans ak 
Note, Any Fraction is Multiplied 
3 x 6 |4} 4 +c © by fo much as is caſt away our of 
> the Denominator. . 


Hence it appears &—+ c is the greateſt Diviſor, 


2<=—4|5 al. 1-3 6 
1] — 4 & = the new Fraction = aa 2a +£c 


hm 


But if this way be thought too tedious, then diſcover 


all the Aliquate parts in each, and the Denominator and | 


Numerator being divided thereby, are reduced. 


* Bur if afier all means uſed, 'rhere cannot be found one | 


common Diviſor to both, then are the Fractions Prime to 
each other. h 


& 2- To bring different Fractions into one Dene- 


mination, retaining the ſame Value, 


Rule 1. His is perfarm'd (as in Pulgar Fraftions) by 


- Multiplying the Denominarors into ea: 


ether for a new Denominator, and the Numerators crvls-: 
wife into each others Denominator, for new Numerators. | 


Es Ny 


k— 


Algebraick Arithmetick. 2: 


ec : a c f 

g Let the Fractions be, P* 2» Þ» &c. 
Tr K 

ah bh 

ll Reduced will Rand thus, Fro 7 hf and 


it # retain the fame value with the vr. 

By theſe means Fractions are made fit for Addition and 

= Subſiration, which Two Rules cannot well be perform'd, 
until different Fractions are reduced to one Denomina- 

cc tion, 


C. 4- Addition of Fractions. 


* Rule. Hen the Fractions are brought to one Deno- 
od mination, (as before) add, or ſubſtract their 
of | Numerators. 


P Example, | 

| "Thus, 36 3c o+ 26 a — b -+ de 
= [ a JF "I i 
—_ * i. x —— þ a — b — de 
= | 7 TE | a7. 
wy JD TEST 3c j-26 +px+h 24 _ 

; Wa 1 d + f Pye my 

ne ; ? ; 
_ SubſtraQtion, 

Thus, 3b 36+ 2b a — b + ate 


19- 4 | 47 e+f., 


x — þ 
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C 5. Moltiplication of Fractions. 


it \ 
Rule 1. Ultiply the Numerators and Denominators 
reſpectively into each other, (as in Vulgar 
Fraftions) their Products are the new FraQtons. | 
Note, Burt firſt prepare them for the work, by making 
mix*d Quantities improper Fra&ions, having firlt brought it 1 
down the FraGtions to their loweſt terms ; alſo make whole 
Quantities like Fractions, by placing an Unity under E 
them : As in the firſt Seftion of this Chapter. diy 


24 | ws e275 a 
b d—e a 
3C de a—8 __ 
4 |. 4 +7 F=7zZ 
G6ac |2ade+ dbe ag--a+ ba $—56 C. 
|_2 [d—#|  #==-4___ 
Whole Quantities by Fractions ſtand as followeth. 
Thus, | | 5+ | ab — ad | om. en 4 = 
I I I iO 
= 2 4 - a+c 
W] : c b +-£C 1 
tX2|3 ca ceo — aba| aac—+ 7a + acc + } 
- c b + c 
Pa 
tit 
$. 6. Diviſion f FraCtione.. 
Rule 1. Tvifion is thus perform'd : Mukiply the Nuſhi & 


merator of the Dividend, by the'D Noni ! 
tor of the dividing Fraction, for a new Numierator;- and th 
the other Numerator and Denominator, for a new:E 


gainator.. 55 


$i 
©\ 


[ | 


Algebzatck Arithinetick. 2 2 


Suppoſe +2 were to be divided by < > 
h —_ 
it will ſtand thus 2: —_— __ _ S-7, 


Again, Admit aa + bc, were to be divided by S—_ 


will be £2008 eo = cb—ad aac+bic+aag +bcg 
© e+Sg” Cþ — ad 
Rule 2. Wh the Fractions are of one Denomination, 
divide the Numerators, and caſt off the Denominator ; 
ante _ ac aacch _ 


abb —. JE b abbc _ b 


$. 7. Involution of FraQtions , 5s performed tn 
all reſpe&s like Multiplication. 


Thug || | 34 bd S+ 5 
| . b c g—+—x 
| 944 16bbdd aa — ab + bb 
19-22] 73 cc gg + 2gx + xx 
27aaa' | 64bbbddd \a* + 3ban+ 3bba+-b* * 
15- 313 bob | we Je I3gex +3gxx x? 


” 4 Gees, 


N. B. If after any of theſe Operations in the 
parts of Addition, Subſtraion, &c. there be like Quan- | 
tities in the Numerator and Denominator, - care is to be' 
taken that ſuch Frattions be reduced lower, by ſome'of 


the former Rules, if poſſible, before they be ingaged £ | 4 


other Qperations. 


I ſhall paſs over Evolution, becauſe it rarely falls Gur, <4 
that both: the Numerator and Denominator have a true ':: 


Root ; therefore if the Sign of the Root be prefixed, ith 


fulkcint -until ſuch Fractions are evolved in pag | 


24 Ailgebzatck Arithmetick, 
ot C H A P. WV. 
Roportion is either Disjun&, or Continued; Dif. # fic 
junct is, when of Four Quantities, the Firſt is 
if Qyanitities be thus qualified , then the Product of A 
the two Extreams, is equal to the produ&t of the two 
the product of the Means, then are thoſe Quantities pro. is, 
portional, (16 Enc/. 6.) let the Four Quantities propoſed Fi 
Ornghtred"s Cla» they ſhall alſo be proportional , being 
Vis, Chap. 6. Alterned,, twoerted, Compoundea, Di- th 
n l|a:b::c:d, Diret 
2 | ad — bc a, 
3 | 
4 | od = —_ bc ; - 
5|b:a::d4:c, Inverted. de 
6 FF TRIO PAIR Ce 
7|4+6b:b6::c+4:d, Cotnpounded, 
9, ** |8 | #4 + b4 — bc -+ bd, that is, #d = bc, m 
19 
10] ad + A = & + a, that is ad == bc. ſo 
11| &—b$:6::c—4d:ad, Divided. ſec 
12 
13 
I4 


| Of Proportions. 
= | C 1, 
B | P to the Second, as the Third is to the Fourth ; || A 
Means. And if the product of the Extreams be equal to 
be 4, b,c,d, if theſe be proportional,  ® 
vided, Cimverted, and in Mixture. co 
:5:&, "Alterned. 
bc = 8 by 
a+ c:c;:;bh+ad:4d. _ 
ad — bet = be — bd, that is, #a == bc. a 


a — c:c::b — a 


| caſ® (org that is, #d == be. 
i5\a#:6+<3::c:4 = c, Converted: 
15,** j16| ad = ac =be + + ac, thaths, ad — br. 
17] a+6b:@a—b:;c +d: c =o; nite, 
19, ** by ac — ad + be — bd = ae+- ad— bc ba 
2h = 208, ___ that is, 44, = $6." 
Fronz 
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From the foregoing Operations, it is evident, that Four 
proportional Quantities may be varied, and intermingled 
one with the other, and yet retain their true Proportions ; 
which variation may be of good uſe upon ſeveral occa- 
ſions. : 
N. B. And from hence may be learnt, how to convert 
Analogies into Aquartions, or the contrary of Converting 
Aquations into Analogies, 


C 2. Continued Proportion (of Geometrical Progreſſion) 
is, when of Three, Four, Five, or more Quantities, the $ 
Firſt is to the Second , as that Second is to the Third g «4 
and the Second is to the Third, as that Third is to the , 
Fourth, &c. that is, when all the Middle Terms between. 
the Firſt and Laſt Term are both Conſquents and Ante- 
cedents ; ſuch are in 

bb bb blb bbb bbbb 
2, 4: ber be=ly my nn oy nm nn, &c. theſe 
are in continued Proportion. 

Much may be faid of the Nature of Proportions, for inc 


deed the whole Body of the Mathematicks, js nithjr 

but a Compleate Compaſlion thereof. Cor porry 1D, 
C 3. Before we leave this, take one Conſideration 

more, that if never ſo many Quantities be Proportional, 

it will be, as one of the Antecedents is to its Conſequent, 

ſo is the Sum of the Antecedents, to the Sum of the, Con- £ 

ſequents. As, a: b::c:d::f:g :: h: kh, &c. Then'will 44 

a:b::a +6 +f +h ib-+dpg tk, &c ''] 


"YT EAST 5 
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CHAP. VL 


Of Mquations, and Queſtions reſolved 
thereby. 


4Y. 1. Uantities are faid to be brought to an Aqua- 
tion, when ſome one of thoſe that be ſought, 
(or ſome Powers thereof, as Squares , 
Cubes, &fc.) is found equal to thoſe that be given. And 
this is to be obtained by a mutual comparing of equal 
Quantities , (or things) with equal', by ſuch Methods or 
Rules, as the Nature of the Problem (or Queſtion) re- 
quireth. | 
- Therefore, when any Queſtion is propoſed to be re- 
 tolved, it is highly requiſite that the Deſign or Meaning 
thereof, be fully and clearly comprehended, 'that ſo the 
Queſtion may be truly ſtated, or fitted for Opera- 
Lon. 

And this part of the work is ſomething difficult ; yet 

having a competent knowledge in the Principles of Gee- 
metry and Arithmetick _— with a good and de- 
ring genious,) a little Practice will render it facile and 
pleaſant. 
.- Having got aclear underſtanding of the Queſtion pro 
poſed, .for each Quantity, concerned therein, be it a Line, 
or Number, put or ſubſtitute a'Letter, as before taught at 
the beginning of this Trad, (Page 2, and 3;) but if Two, 
or more Quantities in the Queſtion are granted to be e- 
qual, they may be expreſſed by the ſame Letter. 

Having placed down all the concerned Quantities in 
their due order, (according to the import of the Queſtion) 
then, conſider whether the fame be limitted or not ;z- far 
the diſcovery thereof, obſerye the following Rules, 


Rule 


g& TL t* 


S iO 
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Rule 1. Whenſovever the Number of required Quanti- 
tics exceeds the Number of the given quations, the 
Queſtion is capable of innumerable Anſwers. 

For Example, Suppoſe a Queſtion were thus propoſed. 
There be Three Numbers, the Firſt is equal to the Square 
PF of the Second, and the Sum of the Firſt and Second, is 
equal ro the Third , What are they Three Numbers, 
Toſignifie theſe Three Numbers, put Three Letters ; call 
the Firſt @ , the Second e, and Third y ; then a = ee, 
and 3 + e =7,, according to the Queſtion. Here the 


na- ſought Quantities are Three, to wit, #, e, and y, but the 
zht, given /Zquations are.but Two ; therefore this Queſtion 
ES , is unlimited. Becauſe for any one of theſ: Three Quantis 


\nd ties, any Number may be taken at pleaſure, There- 
ual | fore, unlimitted. 


rC- Rule 2. But when the given Aquations, (nof depend. 
ing one upon the other, are as many as the required 
> IC- Quantities, then hath the Queſtion a determinable num- 
ung ber of Anſwers ; for then each Quantity concern'd, hath: 
thei bur one ſingle value. 
Cra- And if the given Aquations be more than the ſought 
Quantities, they ndt only limit the Queſtion, but oftentimes 
yet render it ynrefolvable, by being inconfiſtent one With an- 
Geo- other, 
de-Wf - The Queſtion be Yea, and found limitted to one 
and Anſwer, (or at leaſt'fo bounded, as to have a certain de- 
terminable number of Anſwers,) let all the Quantities, be 
pro-ifl| & Ordered, Moulded or Compared, by Adding, Subdu&- 
ine, + ing, Multiplying , or dividing them , until there remain 
it at bur one unknown Quantity, (or ſome Powers ther eof) equal 
"wo, with the given Quantities. And all the reſt of the ug- 
Je &- known Quantities concern'd in the Queſtion, are caſt oft 
; or vaniſhed ; which indeed is the chiefeſt bulineſs re- 
es NW quired in the forming of an Aquation , and therefore: 
tion) ought to be well conſidered, but no Rules can be preſeribag 
far to ſuit aJl Caſcs. 


D z And 
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And next, becauſe that in moſt (if not all) Aquations, 
when firſt they appear out of the covers of the Queſtion, 
the known and unknown Quantities are intangled and 
mixt together, on both ſides of the Zquation , it is there- 
fore requiſite fo to order and clear ſuch Aquations, that 
one fide thereof may conſiſt of known Quantities only, U 
and the other fide of the unknown Quantities, ({till keep- 
ing them to a juſt equallity,) which work fits the Queſtion 
for a Solution in Numbers, and is not improperly called 
Redufion. 

For the performance thereof, obſerye the following 
Rules, wherein moſt, or all the parts of Algebraick A- 
rithmetick, are concern'd, or imployed. 


By Addiction, 


Rule 1. Hen- any Quantity is connected with the 

Sign — , it is added, by caſting” away 
the Sign —, and transferring the Quantity to the- other 
£ fide of the quation, with the Sign + 


"This, _ [1[| 4 —b— 15=60 

1+ 15|[2] &—6b= 75 - | 
2 +6 a—=75+6 | 
Again, an — bo — d —= © — ba 


I 
1 — ba|2| a# + ba — be +- 4d = cc 
2 + bc|3] aa + ba —d = cc + 6c 
3 +4 4| an + ba=ce + bc+4. 


By SubſtraCtion. 


Rule 2. When any: Quantity is Conne&ed' witli thie 
Sign + , it is to be Subſtraſted , by alle! the 
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Sign +, and transiering the Quantity to the other ſide 
of the Aquation, with the Sign —., 


and : 
cre- Thus, [1| a6 +c=ad 
that f—c [21 a+ b =d —c 
nly, 2a—b lila=d—c—6 
Cp» ; . 
Hon Theſe Two Rules are called Tranſpoſition of Quantities. 
lled | . : 
: By Multiplication. 
ing | | 
As Rile 3. By this Rule, part, (or the whole) being in 
Fractions, are brought into whole Quantitics. 
Thus, [1] a + b = => 
the Ix4a—b{2] as — bb —= add 44 
vay 2 +#\3] aa=dd + bb ; | 1 
ncr | 
By Diviſion. f 
| 
Rule 4, When there is any Quantity known or un- 
known concerned in every Member of an Aquation, Di- 
vide the whole Zquation by ſich Quantity, and it will 
= clear one Member thereof (at leait) and: bring down the. : 
reſt, h 3 
Thus, |1 | aab ++ bea = bd - 
1—6 |2] aa ca=4d By , 
. Again, | 1 | aab -+ ca = ds 
LL —4 [2] ab + c = da 
2 —£ 130} 4b =d —c 
ST eo= nn. 


the | | b ne}? 
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Again, | 1 | baaa + bbas — ca = ada 
LT + & bas + bla —c —= ada 

2 +c bas + bla —=d + c 


T3-—6b |4| as + ba == 


wo 


By Involution. 


Rule 5. When there isan Aquation between like Surds, 
(or Radical Signs) caſt away the Radical Signs, and the 
Quantities-are thereby reduced to Rational ones. 


Thus, |, | av þ = b J da 
5 _ yV aa 
1 O-2 «| 222 hu 
2—ab| 3| aan —= bd 
Again;| 1 | bY aa _ - 
ada, 
1 ©- 3] | bbbaa = 
addadcce 
i bf ; | — —— 
wt 154 0 TG 
Al6, |1| V 222 =—_— = 3E 
i &-2|2 bas + jba — 4 _ bb +244 + 4s 
4 | 4 
2-X 3 |3| baa + 3ba — d = bb + 2bd + ad 
3+d4|,| baa + 3ba = bb + 2b4 + dd +d 
1 th +-:2bd + dd + d 
«—%j|s5 aa JE = —— — Mr 


— — 


"EDIT 


» s A. jo 
— 4 
*7 : 
- pg 
- % Bt 
4 P L LY x 
Be, 
+ 
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By Evolution. 


Rule 6. By this Rule Zquations are oft brougfit down 
to lower Powers, thus, 


aſe af =" apnas 
a + b 


I 2 


But if the Zquation had been az -j- 2ba = 4d, which 
is an impertect Square, and wants. the Square of bb to fill 
it up, before ic can be brought down as above ; ſuch O- 
peration Dr. Pell calls, Compleating"the Square ; and wherr 
it is PRO uſeth this Sign c(7) putin the Margin, 


As, 23 as 2ba —= d 
1,cQ|2|a +H2ababb =d+tb 
2wz2[3| a +b=vVvVa + bb 

4) 8a = Ja + # —b.* 


Sy 
1 


Os 


Suppoſe,ſ 1 | az — ba = 4d 

1,c[) |2| a4 — ba + 24h = 4 += 24h 
2w2|3| 4 — Fbg = Ja +; 3 AG: vV : 
3+ 2b | 4 a =vIEan+; b. 


In theſe it is evident, that the laſt place of bb, or thier 
. of 3bb, is produced, by involving half the Coallicient A, 
of the Middle place. Þ 


[8 


 $. When the Aquations be thus cleared, or reduced; 
theſl are they fit to be reſolved into Numbers,and are enthicf -,2Y 
Pure and Simple, or Mixt and Adfeted. Pure and Simple. | "7 » 4 
Zquarions, ate ſuchas have the unknown Quantity, (2) At . 7 cM 
one {ide thereof, COT 
AS3& = ras or a—hb=4a, &G. 


4 4 
* 40 &.3 PY 


[JAR 


4 
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alſo when there is only ſome Power of (#,) 


As aa = b, and aaa = c, or aannn = 0, &c. 


Mixt nd Adfefted , are ſuch as have the unknown 
Quantities at one fide of the Aquation, in different De- 
grees, or Powers thereof, 


As an-S ba==d, and an — ba=4#d, or ba—aa=d, 


theſe are called the Three Forms of Square Adfected /Aqua- 
tions, ; 


Again, aaa-j-ba=c,and aas —ba=c,orba — aaa=c, 


theſe are called the Three Forms of Cubick Adfeted /Z- 
* quations, | 
Infinite other Varieties there are, ſuch , 


As aan + ban + ca = 4d, and ana — ban <= d. 
Or aaaa -+ baaa + can — aa — f, &c. 


How theſe, or any other, of all Degrees, os howſoever 
Mixt and AdfeCted, may be eaſily reſolved into Numbers, 
ſhall be effectually ſhewed further on , when we come 
to the Reſolving of ſuch. Problems as will produce the 
fame; taking each in their Order, viz; Firſt, 1 will ſhew 
how to: Reſolve , (or Extra&t the Roots of) all pure 
quations ; next the Three Forms of Square Adfected 
Mquations, the like in Adfeed' Cubicks, and ſo on to 0+ 
thers of diffexent degrees. Ts 

But before we proceed to that part, it will be conve- 
nient to inſert a few eafie Queſtions in Numbers, thereby 
to explain, and (in part) ſhew the uſe of the foregoing 
Ryles. The which will be -as an. Introduction to the ſuc- 
geeding Problems, x 


Sb - 


A 


3, 
. 
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"CHAR 


Contatning ſeveral eaſie (Queſtions in 
Numbers fit for a Learners Praflice. 


Rueſt. 1. Here be Two unknown, and unequal 
+ Numbers,. whoſe Sum is 53 = 5s, 
and their Difference is 21 = a; 
What are thoſe Numbers ? 
For the Greater put 4, and for the Leſſer put e. 
Then according to the Queſtion, they will ſtand in 
their Subſtitutes thus, . GH 


I Quantities. | Numbers. 
I 8 = e=8# — i; 
'2 a —e = 0&. _ y 
1I+2]3| 28 =$s-+4d4 _ 
et  $-4d _ 0 
3 2 [4 gs = —7 = 7 = 37 
1I—2\i5] 22 =$5 —&d _ 
_5x|6 NE fem. = 16 
5 == e = 4 — 10. 


Hence it appears, that 37, and 16, are the Two Nunk 
bers ſought. ' ode 

Note, When any Numbhep. is placed in the Margin, with 
a Line over it, as Z in the; Fourth and, Sixth Steps, ſuch is 
an abſolute Number, and-hath no relation to thoſe Num- 
bers in the ſmall Column. ? 

Here yon may perceive, that the. firſt Work is to caſt 
off one of the Unknown Quantities ; and becauſe the .. 
Quantity «ez hath both Signs , + and'— prefixt-to- it,” - 
| appears 'by the'Work of the Third Step: 


5 IY 


therefore bythe Rule.of Addition, it may be vaniſhed, as 


Sueſts - 


24 Ar 


Peſt. 2. There be :Two Numbers (as before) whoſe 4 
Sum is 56 = s, and the Greater {#) divided by the 
Leſler (e) the Quotient is 2;5'='q, What are the Num- 


ithmetical Queſtions. 


bers? a, and e. - 
1} 8 = 
| F by the Queſtions. 
2] #&—=,00=—==9g 
e 
3 ——4 |3 | e =—S=—842 1 
. —_—— a 2 
SF 1s ors . 
a 
3, 5, 16] 5 —8a= = £ 
; q R 
2X qgq [7] —qa=—=a 
7 + gqal8; 98 + @a = 9s » 
N | T hah : | — 
$=-q+7| 9 a= Fforg+1xa=9a+14 
T'—=.9 [10; x s ns _ 
£5 5x44 91, GO 9.+1 9-1 . 
For an Explanation, take the ſame in Numbers. . 
I] &e=56 
2 
2 
I 
4 
ene + bo... £533 62 ee 5i on WEN 
5X 35 ]7| 250 +4 = 1407799079 196 97:74 OY 
W538  « : T Wo #9 $AESHNS ©2559 os 222 Ig 7 "Pp 
: 5==: | 2 Sx 4p Thats, b SY 6 
3 94-Y =.56 = 40 ; mts i: 2 .  * OY ; Dn _ 
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Pueft. 3. Let there be given the Difference of the afore= « 


Said Two Numbers, to wit , 24 = 4, and the Quotient, 
2,5 = 9, from thence to find out hd Two Numbers 


I, 8&8 —e=4d : 
ns. 4 . A * by-the Queſtion, 
2] — =4 : 
w i+ejſz3] 4 =d+e 
2 X £ [4] 4 = qe 
3, 42 |S Je —_ a + e 
F—el6| geo —e=4d 
WP _ a -<*? ai 8X04 
_ 7 g-—- y <0 Ki $ 
n | 
9 a . -9d 
gn IRE: 5 T 
_ The reducing of this into Numbers, is-caſie, (the fore. 
going Queſtions conſidered.) 
2ueft. 4. There be Two Numbers, their Sum is 56 =, 
and the Difference of their Squares.1 is 1344 = x:;:Whay. 
are they OED ? , 
2| a8 — &= =/Þ 19 et To 
OR OO Ew e06=e=adl 5s 
Oh hi0 DE ODEs +; 


of ent e=n ooo ona 
$>.-- LY 5 We : — 
"Z: Hlenes1 repos equal to 1s, and a) equalito [REINE: [ces 
5: a StEps. . ; | 
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8 Queſt, 5. Two Men have each a Sum of Money, the 

ene hath Four times as much as the other ; both their Sums 

put together, will not make 100 /. bur it they be doubled, 

"and from that double be taken 30 1, the remainder will 

be twice as much aboye 100 /. as betoge they wanted of 
1001, - How much hath each Man ? 

Put a for the Greater, and e for the Leſſer, 


. 1, 8.9] #= 
e = 


5+359, 6 | 48 += 44 = 330 
I, 6, 7 1 54 = 330 


330 


5 =66 
66 
4 


66 
= 16,5 


I a — 4e : 
Then 3 2 a+ e=109—d3 
And | 3 
2 X Z| 4|24 + 2e = 200 — 2d 
3+ 4|5[44+S4—z3o= 


300 


d, ſignificth the dif- 
fer ence their Sums 
wanted of 100 ]. 

2428 —£230=100+24, by the 


6; each particular. 


-Pag. 2.7) 


Hence it is found, that one Man.had 66 1, and the other 
-16. 10 5s. which Two Sums will anſwer the Queſtzon in 


"Note, That as e, in the firſt Queſtion , was,caft off by 
Addition , (for . the Reaſons" there mentioned,) {© in the 
Second, the like was done by Multiplication and Di viſt 07 ; 
'in the Third , by Multiplication and Addition ; in the 

; - Fourth, by Diviſh on and Addition ; and-in this Queſtion 
. by Multiplication, and Equallity, 

Now if the Reaſon of theſe be. conſidered, and. onee 
underſtood, the whole buſineſs of forming any Zquation, 
will be cafie ; for the only Myſtery therein, lies in ogy” 
of all the unknown qniides þut one, & _—_ 


ef - *.4 


; 64 $0 Wy 
O 8", 9. 
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Queſt. 6. Three Men part their Money in this Manner ; 
the Firlt gives to the Second and Third, as much as they ; 
J have about them, the Second gives to the Firſt and Third 
I as much as now they have, and rhe Third doth the like 
of to the Firſt and Second ; after they had done thus, each 

Man had 20 Shillings, The Queſtion is, whar each Man 
had at firſt ? 
For the Firſt Man's Sum put 4, for the Second e, and 
[ for the Third y. 


7 1 Ib. 108 % what the Firſt hath left 
No 3 Y after his Gift. 
[ Then 


2] 20 is what the Second a Rdhave, 
3] 2y after _ Firſt Man's Gift. 
' 2—1—3]4]3 — 4 — 
1% TZ 5 | 22 — 20 — - > ; Fa Firſt and- Third 
3 XZ 6 doubled by theSecond. 
wo 4 Lo ETD and ſo much cach hath 
a | Ge == 20 9 at laſt , viz. _ 


— WW That is 48 — 44 — 4) =20.. 
6e — 28 — 2) —=20 


er 15 13 45 — C—YJ=s 

by 13 + Il4]is] 220 — 2) = 15 | — 

nm; 5 +3 1517] 4y =49 Way bb 

the Y / © + [18] y =10 5M 

ion | 5 + 27119 9d ORD 4 
19—2 [20 ZINN : *® 


2l i a — 3245 


nee 
on, 13, 18,20, 
Ing 


Arifw: Fc Firſt Man hatl. 32-Shillings, 6 vis the ' | 
£3 Second'had. 17:Shillings , . 6 Benet, and the ha. had”. WE 
"+ '16 Shilling: r , » 
zofh . De: | p#C. ts E oy "Queſt. 7 ; 


- 
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Eweft. 7. There be Three Numbers with theſe Pro- 
perties, wi. if to the Firſt and Second, be added half 
the Third, that Sum will be = x, ( ſuppoſe 46, or any 
Number-at pleafure,) and if one Third part «png 
be added to the Second and Third, that Sum — 

before; alſo if a Fourth part of the Second, be ed . 
the Firſt and Third, that Sum will be — s, as was the 2 
others, What are theſe Numbers ? 

For ages Numbers, put 84, e, and y. 


ES, 
Qs gy—_wm Y 


| 6 ey = 8 ſtated cog 
Then is + e+y = ging to 
« n<de ot ron Quett _ 
IxXZ Ja|[22a +2 + yz =2X Thus all are . 
S353. Is <2: 09-64. Fry. bronght out of 
4X4 [6] Hem g= their Fraction WF, 
44-6 [716 I-36 bo 7 = &e 
7—=y |$8| $6427 = 35 y 
$ — x: [9 | 2 = 35 — 5# . 
7” -—— — 
9 —2 ſro = === Y 
4 +5 [1 38 + 5e 4) = 5s : 
$* 
[2 
4> 
F, 
Ke 7 
WES 16 WE, 7 4 
== 96s Tre Stine, 


 Arithmetical Duettions.. 


3 wm 

* Yueft. 8. There be Four Numbers, their Sum is = 
tany -1v-3r 0p at pleaſure, ſuppoſe 100) and if tothe Firſt 
be added + = 7, (or any Number,)- from the Second be 


0 
ny BubduBed 5, he Third Multiplied b ed. dfls 
ny U t ird Multiplied by 5, it's required / 
rft that ſuch Sum, Difference, Product and: Quotient -be eq al 92 g 
PL to each other. What are the Four Numbers ? 

oy For the Firſt put &, for the Second. e, for the Thixd y, 
he and for the Fourth ©. 


v; w——_ 
or. - | s «+6: Kt, + gs : according to the 
he and = "os 
z = —=# +56 
py 2+6 | 4+| a +2b=e 
on 3 - þ 5 Ss a — 6 
» by —_— more 
p - . 
6xb |7] uw=bs +66 £5 
8+ & Pe. ihe "1" 
145F, [8] 4+ 4+ 2b + —-+lab+h=t; 7 
8, 9 | bba +-2b3 + a =bs —Þ —28— 6 | 
$ == 10 g =Zbs—bbb—2bb —b— bb +26+1 
| Suppoſe 5 = 100, and b = 7 
hon 3 bs —bbb— 2bb-—bu=252 _ - -- : 
-08 BLIIAETE 6 = IOOILS 
0» I @ +26 = 17,9375 =e | 4 
b , OT: 
5, | © — = _ = 1,5625 = x © ++ OY 
”, 113] 6a + bb = 76,5625 = 7h 5 58 
- 47 


a Numberis 3,9375,the Second is 17,9375; *: 55S ; 
y > 3 fe hn and the Fourth: is 76,5615; - rg i 


e* o - 
ESP», "F F Phat * 4 
T1 » od F - 7» " 2) * Suh. - =. 3 
£. > 2.4 2" 1} þ ; , - 
I 7 SE \* 2. F; \'d + « 
5 Fr > 2 4 4 a LL 
tx 5 bf 7 RE - kk - e þ. 
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” MY. FT) OD Wal. . 
. L 


uu 


40 Arithmetical Queffions. 


Queſtions, purely for the Young Learner's Exerciſe, and 
have placed them in ſuch Order, as may lead him gra. 
dually into this moſt excellent Art of Aquations. I have 
likewile traſed them from Step to Step, thereby to explain 
and render each Proceſs caſie, (even to the meaneſt Capa- 
city,) which I doubt not but with a little Conſideration, 
will eaſily be underſtood ; and then he may proceed to 
the Reſolving others, of a different and more difficult 
Nature, of which there are great varieties in ſeveral Aw 
thors, to whom I refer thote that are defirous of ſuch 
Speculations ; and proceed, (according to my Deſign) of 
Extracting the Roots (in Numbers) of afl pure Xquations; 
then to theReſolving of ſuch Problems only,as will raiſe dif. 
ferent Degrees of Mixt or AdfeQted AZquations ; and there 
ſhew how the ſame may be reſolved into Numbers. 
Which laſt Work hath heretofore been a Buſineſs of 
great Difficulty and Labour ; as the Studious in this Art 
no doubt have experienced. Buf the ſame is now ren 
dered much eaſter, and made prafticable, by a new Me- 
thod of Converging Series, invented by the Learned and 
Ingenious Mr. 'Fo;?ph Raphſon , Fellow of the Royal 
Soctety ; and Publiſhed in a Latine Treatiſe, by the Title 
of Analyſis Aquationum Univerſalis, Printed 1690; 
wherein he hath given ( and demonſtrated ) general 
Theorems for the Solving (or Extracting the Roots) of all 
manner of Aquations , howſoever Mixt or Adfected. 
. I ſhall here give a ſmall Abſtract thereof, and. refer the 
more inquiſitive Reader to the Book it ſelf; where (1 
doubt not, but) he will meet with ample fatisfattion, 


I have made choice of theſe few plain and familiar | 


|< i ih IT | 


Df Converging Series. Y 4Ar 
CHAP. VIII. 


An Abſtra# of Mr. Raphſon's Method 
of Converging Series. 


i 
þ 


ſtration, giving only Two Examples of the Method, 

explaining» the ſame; then infert a few of his 
Theorems, with ſome Remarks upon the-whole, ard 6 
conclude it, 


186 this Abſtract, I ſhall paſs over the Author's Demon- .. 


Example in the Square Root. 


: S_ Any Given Number whoſe Square 
Viz. a# =C © Root is required. 


What is the Value of the Root a? 

Let the Root &, be ſuppoſed to be divided into Two 
Parts, to expreſs each of pri put or ſubſtitute Two 
Letters, viz. g + x = , 


Wd We Ie == & 
He rejeCteth the power of x, (viz. xx,) and then it be- 
cumes gg —+ 28x = 5 Which is 2gx — 6 — £5, nnd, 
on be write hs 
_ I * 

2 


Theorem, x = 


Note, The Number ſignified by g, may be taken at 
pleaſure ; but if g, be made the firſt Root, or Single fide 
of the. Glyen Square, the ſaoner will the other Mem-,; 
_ (or Converging part x, ) Converge 'to. the true 

oo. 


- 


E 3 | To 


%> Of Canverging Series. 


To explain what is here ſaid, take this Example, 


#44 =c =2. As in Analyſis Xquationum, Pag F. 


take the Firſt g = 1. p 
* | 
24 * a ed, 
ona f_=tÞ=, 
anti =, A 
| 0 
To the Firſt g=1 oil F=x i 


o+ oF 
the new g = 7 for a Second Operation. 


ES, Taft g = 1,5 from which muſt 'now be taken 
8 the Converging Number x, becauſe it hath the Sign — t 
ſpree to W | p 
7 _—_ 2b; | 
the new g = 1,417 forathid __ 


Then c = 2 
— £8 — 2,007889 


#000 


hs 2g = 2,834). — _=—_,007889 (— 002783 = x et 
. H,417 
w= OO278 
- # = 1,414217 
Na 


:” Or if hore. a&curacy be required, it may be called a FE 
New g, fora Fourth Operation;' and by repeating the 
CO PENN W EY FAge REI 


Ter 


1 


Next for the Extraction of the Cube Root, viz. 
ana = dA, | 

put Z + x = 8, as before in the Square. 
Then is, ggg + 3ggx + 32xx + Xxx = 444 


And if the Powers of x, viz. 32xx + xxx, be rejected, 
or caſt off, as before in the Square, (the which he doth. 
in all Zquations) then it will become 


88g + 38gx = aan = d, and zggx —= d — gee, 


from hence will ariſe this Theorem x = d _—_ 
388g 


Let & = 37945, as in fnalyfss Zquatioum, Pag. 6. 
37945 =, _ 
a take the firſt g = 5, and d = 37, that is to the firſt 


Fiſt, g = 3% which add the Cumurgig x; 
—+ oz ah (* 


id the new g = 33 for » Second Operation. =— 
Then A= 3795 oo 
— £eg = 35937 | 

and 383 = 3267) . _2-980(Gi =x 


the new g = 33261 - for a Third Operation: pa | 


M % 
* £ - 
*Fhen 


BSs 
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da = 37945 
Then 
— £88 = 37966,934881 
and 39g = 3388,8963) — 21,934831(—,006472=x 


Laſk g = 33,61 from which muſt now be taken 
the . — LO06472 = Xx 
henee, &@& = 33,603528 


Or if more exactneſs be required, then it may be called 
a new 2, as before, &c, 


I ſhall defiſt giving more Examples in Numbers, this 
being ſufficient to ſhew the Method of proceeding in | each 
Fquation; and only inſert a Table or Two of the'ſeveral 
'Theorems, as they are recorded in Ms. Rephſon's Book 
before mentioned. 


Given Powers, whoſe Firſt Second 
Root tis required. | Theorems. Theorems. 


= Fr —_ @a=c+2& 


28 
rome ana=d mY 'go8 a =d-+2ge8 


1 T7 


"=[=x A 
=Lcrs JED 4s” 
Tees | ene | 


the Biquadr. a8aa=f 


-u the Surfolide a* = f 


By what is here- ſet down,-it is obvious howto pro 
ceed for Extrafting the Root (by this Method) of any funple 
Power, not only of theſe here. inſerted, bur of _ how 
high Joever 3 it be. TY Is 


=_ od 


A 
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A Table of Theorems, fer the Reſolving of AdfeQed 
Aquations, wherein / retain only thoſe with the 
Converging (x,). and have omitted the Szcond ſort, 
which Converge by the (a) it ſelf; ſuch as in the 
Second ſort of the foregoing Table. 


As 
<3 


—_— 


. | Zquations propoſed. Theorems. 

aa + ba =c|x=c —gg — bg | 
2g + 6 

1 as — ba —=c|x=c + bg — 2g 

:h . 208 — b 

al TIA VE - — 

k ba — aa —=c | x =c + gg — bg 
b — 2g 

| aaa += a =d|x=d — ggg — < 

7 3gg + 6 q 

. ans — ia =d| * = d + @ — 8% 

- =_ 

E (4 — aaa — a x =4 + ggg — < -F 

R == aL 

- ana + baa + c@ = <4 x —d —ggg — bgg — | 

4 x 32g + 2bg + c 

f aas + baa — ca—= 4d *=L—akg — WE 

| __ YEE AGREE: 

| ana — bas — ca =d| x = d-+ bgg +-< —gag | £3 

: 385 — bg —o | i 

; bas + c@ — aaa = d| x =.d + ggg — beg — c@ "$6 

x 26g ——- © — 308 | 


This Table is continued in Mr. Raphſon's Book to Four or 
Five Pages more, but for brevity ſake I am foreed to omit 
tranſcribing them. - Gra 
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There be ſeveral things obſervable in this Method, lh 
amongſt the reſt, theſe are not the leaſt, wiz. That at ' 
each Operation, the Converging Number x, will double 
the Jaſt preceeding g, (or Number of Figures in the laſt 
Root, eſpecially after the Second Operation, the Iraper:- C 
feftion being only in the laſt Figure of the Root, fo i- 
creaſed, which often proves too large, and therefore CON- 
ſequently the next Converging Number x, will have the 
Negative Sign —. 

Alfo if there happen to be ® miſtake committed in any 
Operation, ſuch miſtake doth not deſtroy the ney 
work, for the fame will be rectified (though it be not di 
covered) i in the next ſucceeding Operation, unleſs it be 
very groſs. 

Again, tt produceth the Roots of all Powers ae they 
never {0 high, in the fame manner, and with the ſame 
exattneb, as it doth thoſe of & lower Rank, the reſpeCtive 
Irvolztiqns being conſidered, which require to be always 
of the fame height with. rhe _ —_ and the Di. 
viſars of the next Inferiour, or 

Theſe high Involutions. —_ large a have oftes | * 
cauſed Te. to with, that ſome means mi be be uſed of im- fo 
proving this Method, (or ſome lucky made of 

an other ) ſuch as would produce the Great efolvends 
_ Diviſors in lower Terms : And being (upon an ex- 

inary occaſion) imploycd i in the tion of ſc- 
ey Problems, contr{ting of yery xg Adfectcd Aqua- 
tions, —_— me © the (more ny ereof, and df ahoqs 
w (6 e) to accompli 
IL d, would und cave ne | 
more caſ1 
f I was rorninnel his, there camc into m 
Method, th tl F 


,.m canjing the Root to Conves 
tion, it-will in.moſt _ tripl, et 


/ V 
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CHAP. IX 


Containing a new and general Method of 
Extrafting the Roots (in Numbers) of 


MN. 

_ all pure Aquations. 

"Y Shall communicate this Method with all the plainneſs 

hy I (and brevity ) I can, and therein ſhew the Proceſs 

ba uſed in railing and forming the Theorems for the *© 

Solution of each A&quation, as they come in their Order, 

Now becauſe there is required an Inyolution ef the In- 

M creaſed Root, at the repeating of ſeveral Operations, (tho 

_ not ſo high as the Given Power,) I will here inſert an 


| eafie Method of Compoling the Square of an increaſed 
Ys Root, by having the Square and, its Root, of 6nc part 
Ju g 

thereof, with the increating Numbers of the other parr of 
-v> Y the Root, performed without involving the whole Rc Rodr 
oy ſo increaſed, 


of Ret =7 4938054, 
ds Square of 7 = 491& 5 i 57 
X=  -285 2 7 2$:-%iS 5 
- 23 : . : 
_ ON 7 + = Ex7810g: + £ | Ky 
| | h , 2.247 : 4” 4. S208 
a a 2-39 pi OTE 5 </%Y 
C5 ee £75 T _ak | -1h 

y Square of 74.93 = F194 50796460nf0 7 
Dy TTOon1498761m7], | 
h 149872610:|. 
es . . 3746990”. 
7 TE 203 3746900 
ont TED 259844" 
67 EVE $9944, 

F | Kyfar's 94938052 = F61571 1637S 


5 HI > S4] 
WT. Fs 
% , : * * &, 
' - - 3 k. 
n & 55s 
> : = 
Mag ES y . Bi... 
nl - 
be P- [1 
- ® + oy 
> . «. Tt 
” F 
” ” ” a 
4:4." IS 
- 


43 Extraction of Roots. F 
"This is {o obvious, I ſuppoſe there needs no Explana-" 
tion thereof : The -a:ifference betwixt it and the common 
Met hod, I leave to the conſideration of the Ingenious 

From the foregoing Genelts , or Compolition of the 
Square, ir is evident, that for each ſingle Figure, (or Cy- 
Pher in the Roor, there will ariſe Two places of Figures 
in the Square; and from the like Compoſition of the 
Cube, it would be as evident there will ariſe Three, and 
in the Biquadrate Four, &c. | 

That is, there will ariſe ſo many Places of Figures in 
the Involved Number, for one in the Root, as the Index 


of ſuch Power denotes. 
Therefore when any Number is .propoſed to have its 


Root Extrafted, the preparative work is to conſider the g 
Index of the Required Root, and to allow ſo many places a1 
of Figures in the Given Number, for each ſingle Figure tl 
-in the Root, as ſuch Index ſhall denote ; which Account is 
muſt always take its beginning from the place of Unity, ea 
and aſcend towards the Lett-hand , if the Given Number ca 
be Integers , or deſcend towards the Right in-Decimal 
parts, tic 


Of the Index of any Root, fee Page 5, and ſuch Index ea 
1s the ſame with that of the Power, viz. | 


of 

aa —b OP I a = \/6 

aw = of Jo = » = V9 

. anas = dC 5 Yab = oC ben a = yd wt 
aaaan — f F=f 8 = of wy 

And from hence -is deduced the Method of diſtinguiſh. | Þ*! 

ing. (or rather parting) the Given Numbers with Points, of. 

"ſer oyer; or'under their proper Figures. all 

for Example, Suppoſe any Number given, _ 

'' AS, "$6430145789,723 . 


out of which, if it be requized to .Extra& -any. of theſe |. 1 
"a % | + » © Roos, || pol 


- 


eſe 
Mts, 


poſe the Root 4, to be Divided into Two parts, 
: F 


Conſiderations) in this manner, that is, for the 


Square Rovt, 5$6430145789,7230 I: 
Cube Root, 5$6430145789,723 | 
Biquadrate Root, 56430145789,7230 | 
Surſolide Root, 56430145789,72300J 


And by theſe Points is known how many places of Fi- 
gures there will be in the Root fought, for ſo many as 


are the Points, ſo many muſt be the Places of Figures in - 


the Roztt. Now whether they be Integers or: Decimals, 
is eaſily determined , by the Places of the Points over 
each. Theſe premiſed ; we may proceed to Examples in 
each. 

Note, that in all the Theorems for reſolving of Aqua- 
tions (or extracting of Roots) by the following Method, 1 
make uſe of theſe Letters (G,). (r,) (e,) (Dz) to repreſent 
each diſtinct part thereof, w1z. 

G, Always denotes the Given Reſolvend, or known ſide 
of the Aquation. 

7. Renreſents the Root firſt taken,and when increaſed ve 

e, Repreſents the Converging part of the Root z by 


which, r, is either increaſed or diminiſhed, Scoring. a 


its Sign denotes, to wit, + e, or — & © 5 

D, Is put for the Dividend, which is produced Phd 
being divided ; and leſſened by 7, (into the Coefficients 
of Adfeted Equations) according as the Root requires; 
all which will plainly appear, and be cafily underſtood, 
as WE proceed on in the Examples, 


IT. R# the Extrafing of the- Square Root, viz. aa = = G. 


'Whar 4s the value of. a ? 


In this Method '(as in all others wharſvever) We fi 
erdrcl 
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” Roots , it mult be pointed (according to the foregoing 
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expreſs which, put the Two Lettters before men. 4 
tioned. 


That is, | 11-4 Se =4 
I ©-.2|2] r + 2rea@ =aa= GC. : 
2 —z|3|z1r Fre +Hee = 42G Jo 
-3—3rr]4l re + tee = IG —+&rr =D. x 
—— 
Arg from. hence will ariſe this « 
[ 
Theorem 3 —2- = = & : 
| | £ 
"Firſt take an Example of a true Square Number. 
$ Let aa = 4196837089 =6G w* 
E: {x =6, That is, the Firſt Single Root, (or fide) to 41 " 
8 # £7467 * th 
. EY 22 EO IR th 
; 20984185445 = x G 
| — r= 18 the 
E'>.. F—=6 ) 2984185445 = D(4=e Or 
"rh += 4 248 =re + zee 
8 Foe =64783 50418 (= 
> 45045 =re+= Zee Ro 
= bury +e=4# $37IF - (86-F+ twp 
S ; therefore $1792 = re + 2e8 der 
A 4 =64783 1943445 (= x 
Fe A ES - Nt 
MW . I prefuine phe nf ths Þ phi See 
8 / Hor the benefit of ſuch as do ner underſtand ang Nixt 
] Fhogrent Jer thery take. i in words thus, | F 4; 


\4l 


—_ 


"* taught; then take the greateſt Square to the firſt Point 


* the odd 5, which will always ariſe from the halving of 
' the Square ofaan odd Number. 


- Nawber) be limited, the Root », needs 'not be increaſed © - ©” __ ; 


td the next Figure forward, reſerving that Figure under | 
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Firſt point the Reſolvend (or Given Number) as before 


thereof, out of the Reſolvend to that Point ; after which, 2 ' a 
half the remainder of the Reſolvend, and point it anew”, "mn 


then make the Root of that Square ſo taken, a DivIſor ; 
inquiring how oft it may be found in the new Dividend, 


the next Point; for the half Square of the Quotient Fi- 
gure ; Which being found , and fo placed, Multiply the-" 
Diviſor by that Quotient y adding in the Tens, (it any 
aroſe from the half” Squard of the Quotient) as in plain - 
Diviſion, &'c. Then annex he Quotient to the laſt Dj-: 
viſor, thereby making a new Diviſor, with which pro- 
ceed in all reſpects Og the laſt; and fo on, until all be -- 
finiſhed. 

If any ſeeming Difficulty appear , *tis-only ' ire» the 
trae placing of the half Square of the Quotient Figure 
when it proves an odd Number ; in'that caſe bring down 
eae Figure more of the next Pefiod ; under which, place 


z ( 

As for inſtance , Suppoſe 7, the Square thereof is 49» © 
the half of which is 2 4,5-to be placed as in the Second-- - .51- 
Operation:of the laſt Example. . | "= M 


Note , That if the Given Number be a Sud, the xd 
Root ry , will become a contiriued Series, .ad infinite" * » 
tum ;" if it be till increaſed-with the Convergirig Nuni- © | 
Bur if the Number of -Places (in the Root of 2 Sud" ©  ; 55 


with , to: the laſt Operation of the whole Proceſs ; for 
the Work ray, þe abreviated, as in this Example. Suppoſe 
the Square-Root of 3, (2 Sura Number) were: required to |, 


+ 


ces:of Figures therein. - .. .. - 


7” 
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- Equation as = G, and G= 35. 


= K t,f= 6 
——e= 7 »} — 0,5 —- SP 

7+ e=1,7320508) 1, 0000000000000 —= D | I 

- 945 =re+ 2 (z=e ff n 

550. MR 

1S145 =reZee -5 

3550 : (3 =s 
3462 =70 wf= 7 C2 L 
—$ 80000 (05s Y: 


$660125 = = rem 3ee 


"139875000 (08 =e | 7 
138564032 =re-þ-Lee . 
1310968 Hr 


Having thns iricreaſed the Root to 8, yd 9, Finns by the 


Conver e, cg reft ma ain Divi{ſon, 
maki Thy © found, a Re, v7 bY alſo contra 


Le 
lain dos Be % © or pricking offJone Fi the 
ih RT at each A 7 = ob ing the Wok will | 


1 


r=] dg 131096800] (07568877 =e 
E:.- Et ie Method of | 
——— 985 3244] Contratting the Di 
- $660250 a” ago "ol 
EDD, 4c | $943 S ak wack fon Oc- © Ne 
_— 123923] cafions, where it may 
OR : 153764] be admitted, . 
SRC r t38560f + 
"Yao CS Ee I5204 | 
———- Po I3856f 

_— "T5348 Ard EX is here 
ama 58 | 12.11} done as. to, this A- | a= 
E-:> | ———| bridgment ,- may.in } . _ 
5 x 1:3 7] tike manner be: per- 
We” t E9tformed in the —_ | 
Lat5= m5 20508 - - Ov: Biquadrate, Os - 


07568877 | _ 


a IT 46 —— of 


15,088 


I. Of Extrafing the Cube Root. 
'Fquation aas = G. To find the value of a? 


Pur |1| 7 +Se = 84 
109-3 2 rr + 3776+ 3ree o ce = nas = G 
—E 2—Ji3|zrrnr + rre oree + IROng 
y 
 jJ—=—7|4 irr reef == 2G". 

a" 

Let + eee — r be rejected, or caſt off, w being of fall 

-4 Value, then it will become 

371 qprebee=I1G=r. 

—__ ;G 

= and thence will reopen — rr =D. 

"| Hence ariſeth this 

he Theorem $—— = #s 

on, . . X 2 OY 

act | 1t 37945 =G, (as in Pag 43 of this Tract} 
of then Studie and 12648,333=43G 

nl NF 4216111 = {Gp 

PI Io —306=7 7” 

; +e—= 3 _ 

8 121;6H11=D => H 
: [P<b'8 INT”. | 99 = re +ee ( Sb 
0 2261 | C=#& 

Di- | 2016 =reee_ & 


-—- 376;32z —+r 
IPL <7 es ye Coins; 


100809 = re ee 


1768306 --(J=E 
ere 1680175 =#e + ee OP 
As ESO So 5Cs, Bel ' $$13100 (2=p 


SEOIEEDY 


ag 


* 


F Þ 
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ilar 4 
Oc- [ New r:=3.3,6 376,43849206 = = 4637 Bol 


in ny 6720%04 = "7 &@' | 
et Firs: Ire. You DAY, | 209249609 6=ws _ 
be, a. Extradted. to Ni CENTS 6 oh PY 

i, 7618444084 ez 47 


Wo 


2, 
4% 


= 
- o 


54. Extraction of Roots,” * F 1 
This Method doth alſo Converge with the Negative* 
| Sign — if the value of e, happen to be taken too large; 
bur to prevent that, take but one value of e, at the frt | 
tion, and but Four at the Second ; by lo doing, the 
-Rbot will have ' but'Six Places at Two Operations: But 
then a Third will produce Seventeen Places tne ; each . 
tion converging gradually, with the Affirmative. 
Sign (which I take to be beſt,) 
Take an Example of a true Cube Number, which I find 
irt my Friend” Mr. William Hunt's Clazis Stereomcatria , | 
Page the gth, viz. 


aan. = 48627125 = 6 
#:= 300 16209041,66 Ofc. = } 
4 5$4030,1388 Oc. = } 
—.JOo0O0O0, —= 4 rr 


p.j- e= 366, 240301388 =D. (66 =e 
216 = re ce x 


| 2430 
New r-= 366 2196 =re++ ee. 
But as was faid above, I rake but one place, then + 


y =.360 and 4502SIIF7 =; 3G—r | 


7--e= 365,0003 1825,1 157 = D-. 
£ I 1825, = =re + L (5,0003*= ==y 


O; 11570000 
hence 42=365,0003" Io1i50009.= re ee | 


5 + The Root is really : but 3 6 5, this overplus- of 0003, 
be would at. the next Operation vaniſh. And from this: 
Example, *tis apparent, thar Four Places will truly ariſe 

In. the Root, at the Second cond Operation. 

The work-of theſs Two laſt Examples, (pt prove) is 
fo plain and Rear, that its needleſs to © . 
thereof in Words : Alſo - from hence it's as plain, near 
Extraction of the Cube Root, fore ſo yery alficus) 

this Method tendered eaſy »than that, of Square 


wr Sen ulually performed... Oo "ix of 
| 


'S] 
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55 


ive* IN. Of Extraing the Biquadrate Root, viz. . 
Ze; aaan = G.. What is the value of a? 
wit Let anan = G = 2741583974, andr ++e == 
the Then | 1 | rrp + qrrre -Þ- 6rree + 4reee + ecee = G- 
= '1—3|> OR EE An CI 
we. Lo-rr|o | 31 +re+ile+S- Li — =; G=-rv 
ind Let ece — r, and. eee: == rr be rcjefted, or caſt off, 
4, (as _ then it will become 
rr —e—re+1l@ = jG—r 
: ; G 
and conſequently ' re-—Þ- 1 7-2 = os mw pp = Dr 
" From hence ariſeth this D 
- | Thewem 3 7 = 06 
Firſt » = 200, 2741583974 =6- - 
68539599 595 —_ Wo 
— I 71 34,699 Co = _ 
ths re — 3; 0000 = * 
—+ 3e — I 4,5 
Divifor 23 7 arty Ts 
Diviſor + 235.5 2534.8 


21t01,5= re oi 1.5 06e 
13069,8498 =4'G—rr 


New-r — 22.9, - 


— Ije= Is — LF119,25 = pry 
8" Diviſor 228,85 OO 40,4002 = p(—a1=e 

Newry =228,9” : 22 ha BEE =7e— 1; ve 
ries Tino Cone 
1 Diviſor- 228,795, . 1601565 =re-r! is 
wiſe —__—_—_— 

New r— 228,83 1,499550 (6=+ 
) is \ | —— 15e =,009, 1,37 2926 =re--1Tg 
ceſs DNividor : - 228,821 1266240 (5 =4 
the 1.144105 
cult) — x; > WD ———————————_— 

% — . 1765 


6-=="ZzB,F235. 


- 


TT 


Ke” 


_ "© 


In this Example, it appears I took the Second » = 2 2 9 


too big, and therefore in the Second Proceſs, the Mem- 
ber e, Convergeth with the Sign — and conſequently(m 
this Caſe) the Diviſor, muſt be re — 12e ; alio at each 
Diviſion, e, is to be taken from the laſt 7, and the re- 
mainder will be the New r. 


IV. Of Extraing the Root of a Surſolide , (or Fifth 
Power ,) viz. aaaaa = G. What's the value of a ? 


In Numbers aaaaa = 43467897 = 6G. 


Put | 1 | r-+e = 4&4. RejeQtall the Powers of e above ee. 
then |2 | rr rr + Fryrre + lorrree = G 
2 ==5|3|a3rrrry + rrrre + 2rrree =3G , 
3 "|| irr + req 200 = 4 G—rrr 
T 
G 
4—jrris re ncem pumdrr =D 
From hence ariſeth this ' ; 
D 
a Theorem, © re I—C 
Firſt "=30 43467897 = G 
_ 86934794 =x6 
321,9 » Oe. => G—rry 
FT —180, = +rr 
Pe=33 141,96 = D (3=e 
fe = 3: 108 = re 220 "0 
Divifor 36 L : wy 
Moro 6207 
New _ r.= 33, 241,91 1600192} Gp 


+ 20 = 1,4 — 217,8 = 57” 


Diyifor 3444 24-11160019=D,7=6 
New r +-e=3 3,7009 2408 = re bk ace. 
«i. e==z. 0009 


»0.3160019{(;050 


ES EITVEP =e 
Divifox - - 33,7018 3034162 =rvSap 


—— +6 33-7009. 4. 
But if more ExaGtnefs be required, the next-Operazion: 


{will produce 17 places of Figures true. 


| 


” of — 35 


T doubt not, but by theſe few Examples, the nature of, 


F and manner how to proceed in, this Method is ſufficiently 


cleared ; as to the Extraftion of Roots out of Simple or 
pure Zquations, how highly ſoever they be. 

And becauſe there is great care and trouble attends the 
continued Involutions of a Binamial, (to wit of » -+.e) 
eſpecially to any conſiderable height, by reafon of the 
Unciz, (or Numeral Figures, that ariſe by involving the 
Qyantities) I will here ſhew, how any Power,of what De- 
gree ſoever, 'may be ſpeedily and eaſily raiſed : without 
Involving the Quantities at all. Thus 

Firſt make the Index of the higheſt Power of r, the 
fame to that of the given Power of #; then the next 
Power of 7, (into e,) maſt have its Index le by Unity, 
and the Third Power of r (into ee) muſt have its index 
lf than the Firſt by 2, that is, their Indices decreaſe in 
Arithmetical Progreſſion. eESY 


Next for obtaining the Unciz, or reſpetive Nnmeral 


Figures that would ariſe by a continued Involution of 
ry + e, prefix to the Second Power of », (into e,) the In- 
dex of the Firſt (or ſimple) Power of r. And to the Third 
Power of 7 (into ee) prefix half the Product of the futt> 
Index, into the Index of the Second, and theſe will be the 
true Numbers required. | 


« 


For the clearing of this, take an Example or Two.” 5 


Suppoſe 4a?, were given, and you are to raiſe r -#@ to 
the ſame height (thar is, fo much thereof as is required in 


this Method) firſt ſer down #?, to this add re, with the --." - 
Index of the firft prefix'd to it; then-it will be 1? I-gr%. : 


To thele add r7ee, with half the Product of 9 x 8, to wit, 

984==36, and then it will be r?-+ 9 rfe-4-3 67727, 

as was required. | 
Again, luppoſe 43, were given; to raiſe the reſt as be- 


fore, r** ++ 18 7e"7, .are the Two firſt Members, and the; _. + 


half of 1$ X 17, thatis, 9.x 17 = 153, and then they” 


will be. 13 += 18 728 + 1537*%e = a8, 4 
'.. And this | take to be a new Diſcovery, having never 
-ſeen any thing performed in this kind , with the like eaſ® 
aud expedition: SR. >the 


CHAP: 


. Extraction of Roots. $57 © 


4 864, 


EE 
i I- 


CHAP. X. | 
The Reſolving of ſeveral Geometrical 
Problems, together with the Solution 

. of - their Aquations in Numbers. 


fo 
—1\ OR' the Reſolving of Geometrical Problems, it will 
F be requiſite to have a clear underſtanding of theſe 
Two Propolitions of Euclid, viz. The 47th of the 
1ſt, and 4th of the 6th Book , of their General, (an& 
excellent) uſe in Geometry, (and conſequently in all parts 
of the Mathematick:s,) none that hath been converſant 
therem , but will readily r; of which Des Cartes 
takes particular notice, in a Lettter of his, cited by Dr.Pc/, 
in the before-mentioned Book of 4/gebra, Pag 65. 
'Ari{ here-it may - not 'be amiſs (for the Benefir'of the 
Young Learner,) to give a particular account of the afore- 


faid {irions. : 

Pr Cv all Right-angled Triangles , the Square of 
the Hypotenuſe (or greateſt wx is equal to the Sum. of 
the Squares of t he expend 
the Tante-C.2Þ, tobe right-angled-ar4 

ppoſe the. Triangte CA B, ! right-angled at. 


BC — h =. Hypotenuſe,- F 
ACER. Perpendicular, a \. 
AB = b=, Baſe; PF a, - ” 


"Þ- " gt ME *. ©, 
And then it is #: JM T6 - 


BSI Z/7 a MX F4 
bs = hh— ne < I 3 4 # 
fp =hb — bb \ pF 

That is, in Num-; ;4 
bers thus; ſuppoſe : 5 
Jy, — 4s a 
P= 3,. as in the 
Scheme. Then is,. 


Q 
tw 


D 

| 

B US 
4 


116 + = 


. 
LR LO EY EEE ES TY” 


: 25, 2g 
which makes good the Propoſition. * Props... 


icular, (or of the 


__ . 


"=" 


—» 5 


-J3- 


ops. 


© Of Geometrical Problems. 59 


.  . 


Prop. II. The ſides -of like Triangles, are reſpectively 
proportional to eachother, Eucl.-6, 4. 

That is, if there be Two Triangles, (either Right or 
Oblique) that have each Angle of the one, equal to each 
- Angle of the other , then are thoſe Two Triangles alike, 

and their reſpective ſides proportional, 

Angles are equa], that ſtand upon, (or have) equal Ar- 
ches , either both from the Center, or -both from the 
Perifery of a Circle. As for Example, Suppoſe the Two 
Triangles to be AC F, and BCD, having the Angle at C, 
(the Center) common to both, and BD, parrallel to AF. 

Then is the Angle at D, equal tothat at F, and conſe- 
quently the Angle at B, equal to that at 4. And 
according to the Propolition, AC: AF :; BC: BD. 
and FC; AC::DC: BC. &c. 


—— 7 
Do LOI 


%_" 
*, 


Again the "Triangles AMG, and HM XK are alike ; 

—_ H, ſtand both upon the Arch G K, 
and the Angles G, and X, ſtand both upon AH; alſo the 
A at M, is alike in both. Therefore according to the 


ro n, 
AG: HK:: AM: HM, and GM:MK:: AM: MH, &C.... 
"To theſc Two, add, that the Angle at the one's | 
double to 'that at the Perifery ; that is, the Angle*F'C 
is Double to the Angle FG 4. Eucl. 3. 20, - ' - | 


60 Reſolving of Pzoblems, 


Theſe Propoſitions being premiſed , and. pretty well 7” 


underſtood, the young Algebriſt may proceed to the Re- 
ſolution of Problems, into which I endeavour to introduce 
_ with ſome that be eaſe. 


"4.5 5 Ws % 


N the Right Angle Triangle B.4C, there is given 
the Sum of the Sides 4 B, and 4 C; alſo the Per. 
pendicular P, let fall from the Right Angle A, upon 
N—_ BC. To find the Hypotenuſe, and the 
ides 


Let the Hypot. : BC ==, AC=e AB= y. 


Then | 1 cage darn S = 48 
. =p given p= 17 
3 oy ſought A 

Prop. 1. | 4 | & i) = as 

Prop. 2.|5[Y 58:5: P3i 6 , 

" | 6. Je = P3 Ld 
B__——_——— CG 

1 @-2 [7] e270 +30 = 28, © 

6% 7T |8$]2ye = 2pa . 

 +8[9 7 —þ 290 = Jy = 84 +28 

7» 9, LA 484-2p8 = - 4 _ 


' This is called the Firſt Forma of Square AdfeQed /£qu. 


tions, and may be ſolved, by compleating the Square; ;# 


{a5in Page'31:)- Then, ir-will become. - 

pn i OT 44 + 298 + pp = 26 ps 

and canſequently = V2zz + BÞ-.. t 
Then, will  _ =p +2: Sep - 
" Ani i Medica - is | cali ey ; by the 

Method of Extrafling s ah Od (Page-52,) ſr he 

Same may npps* dane: by the folowing ethiod:. 1. 


Notes 


5 NY 


. VS ww 


and their Equations, 6x 
"Note, When Prop 1, or Prop. 2. is placed in the Mar- 
gin, they refer to the Two Propofitions before mentioned, 
age 58, and 59. 
The New found Equation is as + 2þpa = 22, 
In Numbers aa —+ 344 = 2304 = G. 
Put, [1] 7 pe=s 


' 1-2|[2|rr+2re + 62 =48 
en 1x 2p {3 | 2pr——2pe = 2/8 
wy j 3 +2 [4 eds af ara. rote dc.n 
on 4—2Z|5| irr op prore+pe--ie=tc 
he F Then |6| re pe -- bee= 2ESLEEES 
From hence ariſeth this 
4 wo 
Thewem $—gy = .- 
; = 30 ef” 2304 = G and 17 =p 
4 4rr=450 _— $352 =$0 
pr =$Siof — © 960 = pr + ary 
t+—+ p = 47 "mw =S# *: 6. 2s 
le Te = 1,5 1455 
: Niviſor 48,5 WT x” 5000 G9 = e 
New r+P=50, ' + 45495, | 5Y 
CG +20 = 45 1,0950 {42 =# & 
2 Diviſor 50,45 r,0182 
New r+ p= 50,9 768000 (1 .=<£> 
—{- -e = ,O1 . 5Fogzoy ; : , £29 
_ F Divifor F50,91 + 258795] (59823. "of 
" New r+p= -50, 50,92 ' 254605] For ' finding: he SEL 
[u2- +=! 2; = ,0005 «+ 4190 firſt y, ; <Q 
ic: W Divifor $0,9205 4072} Suppoſe yr 4 ' -, *2 
'* New rÞÞ=50,921 N 118] yr = 16 —Y 
| | roo. 3r'= 12 WT 0 
+ Þ e*Hare 1 defift forming 18 28 >23 
þ A new:Diviſor LS1 Ergo, r << 4 
” Fiſt 52:30 , Oc = 
the RD 3,9215082z3 
; ſer 6 3.3; $451 $0843 Tris nentined in 
: g0t, was; | 


"FROB..: ' 


rg 


6 Reſolving of Pzoblems 
P ROB. Il. 


Uppoſe in the Triangle 'BAC; there were given 

da. =-the difference of the Sides AB, arid AC. 

Alſo the Perpendicular P, let fall from the Right Angle 

A, upon the Hypotenuſe B C. Thence to find the Hy- 
potenuſe, &c. 


Let BC = a4. AC = e. And 4B = yp. (as before.) 


ji], —e=adt.. #= 14 
Then p=Pp given $ = 20 
BC = a ſought. A 7 


| 2 
| 3 
Prop. 1.14 Jy + ee = 44 
5S1J:8a::p:e 
6 
7 


1-2 |8| yy) — 2y8+ee = dd 

8 +7 E yy + ee = dd + 2pa 
10] 48 = dd + 2pa 

Then aſas — 236 = od. 


This is called the Second form of Square Adfefted 


Z<quarions. 
— may be ſolved by Compleating the Square, as.in 
the firſt Form, reſpect had to the Sign — 

+" Then it will become 


as — 2pa + pp = dd + fp. 
- And conſequently, 4 — pþ = vV ad -+ pp. 
Then will 4 = Jdd-+ pp. +#- 


But this Form may be ſolved (by my Method) as was 
-the-laſt, xo wit, by a continued Series. 


&quation 


us wwS ae 


In Numbers, aa — 40a = 196 =G, 
Put f[iſr pe=-sz 
1-22] rr 2re tee =as 
I X2p|3] 2pr -—- 2pe = 2Þa 
2 — 3 [4| 77 j-2re —2pr —2pe-ee—=6G 
4 —E|5|arr ere —pr —peb- lee =2G 
Then 6 ]r7e— pe 4e= 16G +pr — Ir _= D 
From hence ariſcth this ; 
Theorem 


yr = 90d, and 2pr = 


and their Equations; 


£quation aa — 2pa = ad. 


63 


& 


r—po+ je 


too much, Ergo x > 3 ©, but r 50. 

Lit fe = 40 =6 and2oZ?® 
— pr = $00 = {6 

_ 3 4 OO = pr — Jr 

7 —Þ = 20, 98, = D (4=0 
+ e= 2, 8, 

Diviſor 22, 1 0;00 (,4 = 
F—þ = 24, 963. 

ze 22 32000 (3-= 
p—oI= 244 24405_ 

jou 0 = av0f7 759500 03:2 
y —Þ = 2441 732345 

+ 26. = zgools » 27155] (11124 = 
7 —þÞ = 24,4133 24413] 

*Here I deſiſt formin OED 

2 new Diviſor, 6 TT 

Firſt » = 40 2 44 
 +$6Z 4241311124 57 

4.2 4441311124 45 


45. 


64. Reſolving of Poblems, 


P ROB. II. 


| the Right Angle Triangle B C 7, the Baſe (or Side) 
BA, is given, And the Hypotenuſe with the Area, in 
ene Sum ; thence to find the Perpendicular A C. 


Let AC = 8, BC = ee, and BA = 6, Gwen. 
13.64 = the Area 


I 
And |\2|e + tba =2z thed Suri of the Hypot, 
—_ and. Area. 


Prop. 1.|3|&@ = bb + aa 

2—Tba.41e = 2 — 16a 

4 -2 | 5| ee = zz — z2ba-+ { bbaa 

3, 5, | 6]9% + aa = 22 — 6a + {bbaa 
6 = 7144 —_$bbas + 2ba = ws ww 6 


Let z = 69, a LS == = 7, then the Zquation in Num- 
bers will be 4239 5 — as = 418,344.4 Kc. 

This is a Square Adfetted quation of the 

ird Form. C 

+ Let it be made ba — 8a = G. 
This Form uſed to be Reſolved, by e 
compleating the Square (as betore Fw 
bur firſt the Aquation is ſuppoſe 
tobe paged, * and made 


88 — bg: = — G, B<— 
Then aa — ba + 1bb = 16h — G. 
And a—2b=v ,06— G. Hence, a= b=  Tbb—G+ 


But I ſhall ſolve this by.my Method, 
Thus, [1] r qe = 4 R 
TO: |:2|rr + zren ee = As 
1x6 [3]br +be = ba : 
4 
5 


A 


2 
C>T 

Then will There by G+irr= 4 =D. 
: "From 


Lbp —Srr i-Sbe — £6 ICSD IS 


br — rr Arbe —2r6—e7 = ba—an=0 


x 
L 
z 


' 


on 


Xs 


: ant their Equattons.. 65 


| From hence ariſeth this 


Theorems 4 _ cy | 
er ha | | — .* 
Th —r— Ce: . 


; 42,97 = b- | 418,8444 = 06G. 
If r= 20, then'yy =,400, and by = 858,6 
But 858,6 — 400:= 453,6 Ergo, 7 < 20. 


— T64,65= 164,65 =Irr — 4br 


26. —r = 11,46sF ) 447722 =D (4=e 
OPTI + — 6 3 7,SC ; 
Diviſor 9,465 x Tt (,9 0 

New Y:= 14; 

+0 —— 7,465 
_ fe : o+3. 

Diviſor 7,015 


New xr = 14,9 
iþ — 7 = 6,565 
— 045 
Diviſor 6,520 
New ” — 14,99 
Ih — 2 _= 6,475 
— = ,0005 
Diviſor 6.4745 


bro 
* Here I deſiſt forming - # 0 
a new Diviſor , 


Firſt » = 10, 
_— e 4,991838' 
= 14991838 ©; 
This _ Form is ſomething more troubleſome than : 
they-*Two firſt ; but alittle -praftice will render it very. 
cabs... "Abd chis i is als a contirwed Series, (as before.) _ 


> ID 63 _ PROB. 


pP— 4 


656 Relolving of Pywblems;. 
 PROB. IV. 


N the Oblique Triangle BCD, there is given the 
Baſe (or Side) BD, with the Side CD ; and. if the | 
Difference of the Sides BC, and CD, to wit, BC—CD, Þ 
be Multiplied into the Side CD, that Product muſt be 
equal tothe Square of the Segment of the Baſe,viz. = aa 


By theſe to find out the Segment, 4. 


= 8 == 
\ Let : OO _ ;& given 3 5, — _—__ 
And ]3] BC — DC = y 
Then 1 4! by. = as, by the Problem, 


Suppoſe a Perpendicular, let fall. 
from the Obtuſe Angle C, upon. 
rhe Side BD, call 


®-p. 
Alſo ket 2 —_ Cf, P <2 "i 
p-: as.in the Scheme 
3&2 Then 
| RET nn 
6 | aa + 28e —+ ee + =#b+2by + # 
6 — 517 | #a + 240 = 2by +9). 
That is,[8] a ++ 2e:2b +y;:y:4. 
And this proves Propoſition, 35, 36,37. Exc. 3+ 
To wit, That BD : BC + CD:. BC — CD: &4. 
8, "19 ] 26) + Yy == aa, for. d = a=+ 26. 
4 % Z j10} 2by = 244 
+ ©> 2 j11| bbyy = aaan 
aaaa: 
4 Hb] yy = Fr" 
re-12;13] 2by + }) = 208 + = = ahr 
13% 6b\14| 2bba# + aana —bbas Ml 
14 == #115048 + 2bba. = bbd.. oo, 
_ IF 5 a. th Þ —_ wa OST * bY 


% 
= 
» 
Ih 
+ . 


and their Equations, 


67 


In Numbers, aaa + 62728 = 288512 = G. 
Let it be made aaa + ba = G. 


Put [1|r + e = 4 
TO 3]2| 7177 + 37780 + 3ree= aan 
1%6 [3]|br -- be = ba 
2k 3|4| 17 + br + 3rre -þ be = 3ree = G' 
4—J|\s|3r*' + 1br + rre + be + ree = 3G 
tbe - 
gr l6|3rr +36 fre + = ee = i= 
+ be n—— ; T tw n 
6 — |7 A rs dr Sn Ln —=k 
From hence ariſeth this C D Mes: 
Theorem rib pe®*t 
” 
6272 = 6 288512 = G 


If r = 40, rrr = 64000, br = 250880. 


But 250880 -+ 64000 = 314880. Ergo r < 40. 


$6170, 66 = IG 
$207,683 = 


4G —r 


— 2390,6 =2390,666 = Ju + 4b 


Let r=30 
Ir” = 300 
+6 =2090,6 
z 
— x —= 99,68 ) $15,022 = D 
"+e= 7 142 
Divifor 106, 73 


(2: =08 


New Yr = 37, 


46 ——r = 56,504 —2546,999999 = 


I. 


EEE 
Fr = 935% 


47,00 

Divifor. 94,0 » 47025__ 
Ae ,059 504708 
Diviſor =594,95 7 C2 2.ft + 
= 005 3.44130 
54079 SETTLE? 
Ls TS 2 $= = 
WE" ""5553 371555 32 


2599,207207 — 7 Gn 


+rr + $6 


$2,207208 = D 


(5 —=E 


(5 = & 
CL=S& 


(3=& 


PROD. 


- 
Wo 


6 Reſolving.of Problems, 


PROB. V. 


HE Three Chords (or Subtences) of three Arches, . 
compleating a Semicircle , being each given : 
Thence to-ind the Diameter of that Circle. 
Suppoſe, AB== 36, BC=4=4, and DC=s5 =f. 
To find AD = &,; the Diameter, Draw the Two 
Diagonals, BD = y, and AC = x.. Then is 


could fee it clearly 


aa—ff=xx 2” 
aa —bb = yy: $9 
da +b f = xy. | Ln gu _ 
* pep FEM Fu : \ Y 
This Third Step I fl P. Yo." a) V . 
have often heard af :/ . \ 
but never FEES a HI 


demonſtrated, which I undertake to-do in this manner. 
Make C H Perpendicular to BC, then the Triangles 
ACD, and BCH, are alike , both Right angled at C, 
and having the Angles at 4 and B, both meaſured by the 
Arch CD. - Again, the Triangles ABC, and CHD are 
alike ; for the Angles at 4, and D, ſtand both upon the 
Arch BC, andthe Angles DC H, and BC are equal ; 
For the Angles. BCA -+ ACH = go Degrees, alſo the 
. Angles DCH + ACH = go Degrees. That is, tlie 
Angles DCH + 4CH = R.CA + ACH; and con- 
ſequently the Angle DCH — BC A; theſe being proved, 
* will be AC: AB::DC:DH, and AC: AD:: BG: BH. 


——_— 


x:6::f: DH, andix ;a:: 4; BH 

A pg and * =pr but y=DH4+- BH 
xX 3 Xx oy 

To c = y. Hence bf-j-da== xp 
anan — aaff — bbaa + ffbb = wxyy 
adaa + 2dbfa +.bbff:= xxyy 
aaas.— f fas — bbaa = ddaa + 2abfa 
aaa — ffa — bba — daa = "24bf 


\ Which in Numbers will be, 444 '— 50a = 120. 


——— 


en + © CþÞ we OD. 0. 09 uw OW 


: From hence ariſcth this Fo _ 
] Theorem < r — 3b +e © 


and thefr Equations. 69 
Let it be made aaa — ba = G. This is an Xquation: 


of the Second Form of Cubicks, and may be ſolved with 
the ſame Theorem of the laſt, only rae the Sign of 6.. 


46 iz 
Then it will be re — eter = ED +4 b—3rr=D 


- 
 Letr=6, thenrrr = 216, andby =300 >216 
Ergo r > 6. 

Suppoſe yr — 8, .rr7 — 512, and by = 400, then 
$12 — 4009 = 112, hence it appears that » > 8, but 


Letr=8 226 =.06 b =50 
— $17 =21,3333 40 = 
| +36 =16,6666 5$,0000 =45G — ” 
[| — 426667 = 4,6667 = 4b — 317 
ad” gh 23333 = D SE 
p = =5,94 7 2900. LASERS 
35300 
ot 075 29860 - 


1 Diviſor $,96_ 
2 Divifor 5,97 2 
New » = $8,055 


— Fr” — 21,627675+ -- 40 = 7G 
+1 b =16.66668666. 49658 597144 = = 7 Gr 


; — 4,9610083 = 4,9610083333_ 
15 : 
P_— —Z* — 55,9859 0048513811 — 
r 478936 (,0008 —=e 
| + & ,0008 620211 - 
Diviſor 5,9867 598671 (=D 
-e ,00001 "L154000 
'Diviſor 5,98671 * Y 1798013 (0359=e 
*Here 1 defift increaſin 9980 
the Diviſor with e. - 3579980 
Laſt » = B,oss 5866250 
= eg = -,000810359 5389039 
4 = $,9055:8$10359 
22; PROBE 


70 Refolving of Pzblems, 


P R 0, B. VI. oe 
HE Ragius of a Circle, and the Chord (or Sub- 
tenſe) of an Arch being given , thence to find 
eut the Chord of one Third part of that Arch, which is T 
the TriſeCting of an Arch, or Angle. 3 
Let AE = R, the Radius, and AD =c, the given - 
Chord, ( ſuppoſe of 60 op ) | 
To fttid 4B = a, (the Chord of 20 Degrees.) ' 5 
Let R = C = 1,000000, &c.. 
na. Ys 6 
PD.” 2, 
Pr / %, F 
£- * 4 
IVY — -—t——_— = 
go : 24 
ck IL 
— [32:06:27 058 F--y 
02: )2|c—4a; e:2R—e:4 (2R—e=BG—e) 
$ -....F'Re 
I 3 | R — 
2 ' |4|ca — aa = 2Re — ee Ne 
aaaa . | 
3 @&2 15 "RR c--08 Mr. 
Zx2R|6|244 =2Re ” 
aana _ ONE 7 
Ce #17 244 — Rr —2R?—4ezZia= as . 
7x RR|8|2RRaa — 4444 —= RRea — RRas 1 
8—a|9|2RRa — aaa —= RRe — RRa , 
9 + hoij3RRa'— aaa = RRc. I 
This. is the. Third Form of: Chbick: AXquations. Laf 
In Numbers, 3 4 —444 = I» 


Let 


nt 


a8 


Let. 


.and their Equations. 71 
'Let it be made b &'— aaa = G. 
1] 7 pe = 84 
2|rfi barre + 3nee = a4a48 
3| br + be = ba 
3 —2|4|br— 73 d-be — 3rre —3ree = G 
3|s 36r —rrv + 3be—rre—ree=36G 
6| 36 — Irp + 32 Le —remee = }Gr 
16 ? 
$2 79 e—remee == + 4rr—46=D. 


F:om hence ariſeth this 0 
Tieorem __s 
- © — 
Bang = te P43 a. 
Lee FS 1 BY = 9 
3 Fr = ,03 9333333 = 3G 
— + þ = 1,00 L,IILIIL = 4G—y 
— 97 = 97 = 7rr —-36 
1þ tr = 3,3333 &LHEFL 0.3 & (04 = 8 
— = »3 I 19732 
T 213790 (7-=@ 
T 7 — 93,0333 209041 
—_ FF 47 
Diviſor 2,9933 
Diviſor 2,9863 
New r = v8 »9606147.93 THESE ; 
37” — 46 = — ,95986366666" 
36 
J 
7 —IT=2 $34344),000751126791 = 
— Ee 0002 Fo692 (,0002 =e 
-Diviſor  2,5346 2442067 (9 => 
—# _,00009 2281095 ws 
Diviſor ' 2,53455 16097291 (6 =e 
:, —£. ,,9000006 15207288 
Diviſor 255345483 $90003O (35 =e 
Latr=,347 7603644 rr2d 
—-e ,00029635 1296386 
"8 = 4347 29635 222279 in 


. —_ 


-2 FKeſotving of ]oblems, 


In the preceding Examples, I have inſerted ſuch Pro- 
*blems, as would produce the Three Forms (as they are 
uſually called) of Square, and Cubick Adtected .Zqua- 
tions, (each in it's Order,) that is, ſuch as conſiſt of the 
higheſt Power thereof, mixt with its Root. 
How other Xquations that are Mixt, or Adtedted with 
'their intermediate Terms, (or Inferiour Powers) to wit, 


ana bag—ca= 4d, or bag — (4 — ana — 4d, &c, 


may be reduced to ſome of the Three foregoing Forms, 


might here be ſhewed, by thoſe commonly called Cardar's 


Rules, or otherwiſe ; but ſach Proceſs are too large and 
tedious, to be inſerted in this ſmall Tract : Neither (in 
truth) have we any need of ſuch Expedients, as the caſt- 
ing off the Second Term. of an Aquation, &c. which 
was invented purely to render the ſame more fit and eafie 
for a Solution in Numbers. For by the Methods of Con- 
verging Series, any quation may be as well {olved, ({till 
keeping its own Form, as the Problem produced it) as 
thoſe of the Three Forms, | 

I have alſo omitted the Do&trin of Surds for the like 
Reaſon, to wit, becauſe it requires a large Explanation to 
render . it intelligible, without which, it's very intricate 
and troubleſom, and rather puzles or confounds a Learners 
Genius, than improves it , neither could I ever (yet) per- 
ceive any great Uſe or Advantage thereby, in Reſolving 


any Problem, (and afterwards we have now no occaſion « 


for it.) For admit a Problem (or any part thereof) were 
propoſed in Surds, it's much eafier (in my Opinion) to 
bring it out of ſuch Swrdr, before they be ingaged in any 
Proceſs, than after they are become intangled, and mixt 
with other Quantities concern'd therein. 

How ſuch Work may be performed, is already ſhewed. 

-] could likewiſe have inſerted Rules for diſcovering of 
the ſeveral Roots of an Adfected Aqnation, whether Af- 
-armative or Negative, &c. | 


But 


p 
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But I content my ſelf with oge Root only, that is, ſuch 
a one as ſuits or agrees beſt with the Nature and Deſign 
of the Problem propoſed, Leaving thoſe Speculations to 
be inquired after ( by ſuch as defire them ) in the Works 
of Des Cartes, or Dr. Wallis's Treatiſe of Algebra, where. 
in they may meet with ample fatisfaCtion in each parti- 
cular caſe, gc. . 

Before I proceed to the Reſolving of other kinds of 
Adfected Zquations, it may be convenient to ſay ſome. 
thing of thoſe that are already done. 

Perhaps it may be ſuggeſted by ſome, that this Method 
requires too many Operations in Diviſion, as Two, Three 
or ſometimes more, according to the Number of Termg 
in the Zquation. 

That it doth require ſeveral Diviſions is true, but withal 
conſider, that thoſe Diviſions are performed with ſmall . 
Diviſors, and that each Operation is in order to bring 
down both the Reſolvend-and Diviſor into lower Terms, 
winch was the very thing I firſt aimed at. 

However, to accommodate ſuch as prefer Multiplica- 


' fon (though the FaQtors be large) before'D:w1ſion, (not- 


withſtanding the Diviſors be ſmall,) I will here infert a 
different Method of ordering the ſeveral Powers of the 
Root r, with the Coefficients, @'c. which perhaps may 
ſeem eaſier to ſome, and therefore may pleaſe better; tho 
both come to the ſame in the concluſion. 

And ſince I have entered upon the SubjeQ of Angular 
Settions, I will proceed a' little further- therein. ; and 
Reſolve ſome of the odd SeCtions, viz. The Fifth, Seven 
and Ninth, paſling over thoſe of the Even Powers, to 
wit, the Fourth, Sixth and Eight, becauſe they may be 
Reſolved by that of the Biſe&ion only ; for that Reaſon 
it will be convenient (though out of its due courſe) to 
inſert the BiſeRion of an Angle, 
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HE Radius of a Circle, and the Chord of an Arch, 
being each given, to find the Chord of half that 
Arch, which is to biſeft an Arch, or Angle. 


Let = - the Radius = AD,Chord of 60Deg. 
AD = . 
3. of >—oken — ” Ak Ez i 
REL, 
C=-1 
Then ay nl E 
Prop. 1.14 RK, — 48 —Ce 
Prop. 2.|s KR : 060, therefore it is 
Sz, 1J71484:cc::RR:ee R 
That is, $]4a:Cc::RR;4RR — 8a = ee 
7 ©. 1814 RRas — 4248 — RRcc. 


Which in Numbers is, 448 — 4444 = 1 


'Let 27-+-e= 8, as before, 
Then will — 7rrr — 4rrre — Grre8 = — 844k 
And whe 471 + 8re + 4ee = + 444 


By the Prob,r > ,5 but r <,6 therefore = 
Lee »r = ,5 then ry =,25 rr =,125 
' and rrry = ,0625 _ then it will be 
a 0625 — 6 — 1,540 = — FN 
+1 ,0000 4,08 -þ- 4,0ee = 448 —k 
That is, +-,9375 + 3,5e ep2,5e0e=1 
And 3Sfe + 2,5 ce = 0625 
Then will -- 1464464025 = D."* 


>—J4J 


cn | 


b, 
at 


48 


wh 
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D 
Conſequently, 3 rare —L 


I, 4 ,0250 =D 
eZ ,o176 141 (0176=6 
Diviſor 1,4176 10900 
9919_ 
Firſt x =,5 98100 
+ e=,0176 #F0F6 


New PF +5176 

I take but ,517 = »r, which being involved as before, 
the Numbers will be 

— 20714434 = ,55275e—1,6037ee 

+ 1,0691560 + 4,13600e-F 4,0000ee 


That is ,9977 1 26 $3,58J25e+2,3963ee= þ 


_ Then 3,58425e + 2,3903ee = ,0022874 


And 1,495938t + 28 = ,0009547120 =D 
D % 
Caofrquenthy, 3 ,49593Fe—* 


1,49593 ,0009547120 -- 


- $= ,0006 89790_ (,0006D 6- 
Diviſor 1,4965 568120 \, 
+e = ,000037 448968  (37=4 
Diviſor 1,496567* r1915200 . 5 
i 10475969 | 
* Here I defiſt increafing &@ , 14392310| (9616 =e 
the Diviſor. l $2469107| | | 
x CAS TLO 7þ | 
9793 OS” 
aſt *=2517 "25271 | gs. 
- © = + ELIE 79616 14965 Ot 
$=25176379616 , 10306] | fo 
a2, $11628105 7 he, '& Ge, SHE, 


= 
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P ROB. VII. 


HE. Radius of a Circle , and the Chord of an 
Arch: (ſuppoſe of 60 gr. as before) being given, 
to find the Chord of one fatth part of that Arch (to wit, 
of 12 gr.) . 
Let FE = R, Radivs, . 21 
and FG= © Chord, given 3 'F— 4 
AB — #s, the Chord ſoughs. 
Gr 


250, 
« 


By the Third wp in _ Proceſs by the TriſeQion of 


ak Angle, Pag. 70, it was found that == =e and by 


. RRa — —=4D 
the Tenth Step, 2 CLIT REIT EO 


RR 
Make DL, perpendicular to A 
[Then are the Triangles A HC D AL, alike: 
And LR: NS But AH = 2 
But EEEIT BK "at is, 2 4 IE, oma TY . 


ES: 


Again, 4D' = FT _ =: from hence it will be 
- 6a ,T&R# — aaa 
6R* PW a OG > | 
Ta 2 as 2RRRR = AL But, 


FUE b= 


my wy 


P 


UMI 


by 


ut; 


Ro Net NS, 6 6 fits 
But AL EZTAGCHz CD, and zCD =24 


6R* A — 5RRana-Panaan 
therefore, "REA 


= 2c+34 


That is, 44288 —5RRaas + SRRRRa nn {0 


Ih Numbers NO” OI AYE = 2 
Put rx +e= 
rrp egrrrre + 1O7Trree = aaanm 
Then I —— 1 Fre — I free = — Faadn 
IP ein fo ccooue 4000 =» - el 


Fc =1. r>,2 butr <,3 by the Scheme, 


—+ ,00032 —,oo08e +,084e = 44448 * 
Then e — 204 — ,600e— 3,000 = — 5448 
1,0 +—5F,00....-.....= 58 
That is, —+,96032 + 4,408e — 2,924 = L 
Then 4,408e — 2,902ee = ,03968 
And 1n,jge—ee=,01356763 =D 


8 , 
Conſequently, {= ==06 


1,5 ,01356763 = D. 
— 6 = ,009 13419 (009 =8 
Diviſor 1,491 14363 


Fieſt- yF =,2 
—j=- 6 = , 009 
New r =,209 which being ordered as before, 
—+ ,0003987 782 +. ,00954e þ,09129ee 
They — ,0456466450— 65521e—3,13500re 
+1,045 + 5,08 


— 


Thas 6,-,9997 5213 32+ 4.354330 — 3043706700 
Then 4,35 433 — 3043700 = ,0002478668 


Each pare divided by 3,0437 then it will become 


7,4306048 = tt —= ,0000$1436015 =D 
(H3 ' Cork 


9 19 CF; 


F759. 
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Conſequently 3 


ems, 
D 


mw 6 
1,430604 —e 


1,430604) ,cooo81436015 = D 


——- (=, 00005 715275 (0000 5==e 
Diviſor 1,43055 9908F15 (6=e 
— £= ,000006 $53832838 
Diviſor 1,4305 48 132522700 (9=e 
— & = ,0000009 128749239 
Divitor 1,4305471 —©37734610|(263=s 
ES IM ny 28610942 
9123668 
$583282 
——+ e =,0000569263 429162 
# =,2090569263 3 


I have here, (zccording to promiſe, Pze 73.) preſented. 
you with another Merhod of Reſolving AZquarions, very. 
different from the firſt ; For in that the Viembers of the 
Solution (to wit, 7 +e ) together with the Cocthcients 
are ſo ordered , that from them (ſtill remaining in their 
Species) there ariſeth a Theorem for the Solution of rhe 
Aquarion. 

ut in this Method , it is otherwiſe; for when the 
Members r +e, are involved according to the Aquation, 
and Multiplied into their reſpe&tive Coefficients, then 
are they to be brought into Numbers, and a due Cot: 
le&ion made thereof, according to their Signs and Places, 

Next the Abſolure Numbers therein (unmix'd with e) 
are to be compared with the Refolvend, and Added to, or 
Subſtratted therefrom as their Sign denotes ; after which, 
each part is to b2 divided by the Factor found, prefixed 
ro ee, that ſo the ſame may be cleared: Conſequently, 
2: Diviſor will ariſe, which muſt be either increaſed:or 
leſſened by the Converging e, according to irs Sign, the 
which, r/ume, doth plainly appear, in the Solution 
of this and. the laſt Aquation. 

I ſhall. give an Example or Two more, that fo tlie 
Young Algebriſt may the better judge of the difference 
betwixtthis and the other, and practice which he fancies 


-Nete-, Thar: this- Method Qoth "triple the! Number of: 


Places in the Root, at each Operation, as the other doth. 
hs WEE=6 os  _PROB. 


—_—_ Dh Do 


venth part of that Arch. 
Let AE =R Radius, 
and AM — c 
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| HE Radius of a Circle , and the Chord of an 
- Arch being given, to find the Chord of the Se- 


Chord, 


$4 


c = 1,theChord 0'60 


Then 4B = #, theChord of 8 Degr. 34' 19”. 


2 


G7 


ds BO 
27 Ret , 


By the laſt 
4G = 


R 


Problem, it was formd that 
_ anaas — SRRaaa —- FRRRRwn 


RRRR 


And' by that in Page 70, it was found that 


3RR@a—4a4 
RR 


= 4D.S& P70 o2RR—an I 
LL And CH = ———=lhre - P26; 
Make GL, perpendicular to AM, then are they Tri-. 4 
angles A HC, and GAL alike ; and therefore it will be- 


AH:CH::AG: AL. But AH = 2R 
And AL = LAM —+ 4CG, but CG =#4D . 
then by taking thoſe that are equal, it will be 


2RR — an 


2R:; — 


".: © RRAR 
IfR = 1 as before, then it will become 
TS REY 
| That is,, — # + 74” — 14484 F784 —1 =& 


— 


*8* — 5RRa* + 5R a 


— — —_— — 


2KR © 


= 


=Cc.#17. 3 


3RRa=— aan 


Br 
& 
P 
- - 
* 


Ja — aan 


2 


Ss 


= 
" 


St 


a. 


8 Reſolving of :Pzoblems, 
Put r + e=s. Then j it will be 

— T_T ere =—# 

+7 + 352+ 70 ee + 745 

— 147 — 42rre — 42ree = — 144 

ob PIE Io cooto5 cn =--74 

Fe=1 theny >,1 butr <,2 by the Scheme. 


— ,0000001 —,000007e —,00021cCe 
Them of 7 £00007 .  <i=,00358 + ,07 08 

— ,014 — ,42C — 4,2Ce 

+ 57 —o 7,02 
That is, = ,6360699 + 6,5834930e — 4,13021ee = 1 
Then 6,583493e — 4413021ee = ,3139301 
And 1,593e = ee =,076008 = D 


Conſequently 3 D__ =e 


C—_ 


1,593 GEEF.” 
— = 3,04. HxC003 = D 
Diviſor 1,55 629 (,049 = & 
we o009 14008 
Divifor 1,544 je: 


Eaſt * = ,1 to which add ,049 Newry =,149 
— , 00000163044 — , 00007 66e —,001542CeC 
— ,00051407839 +,0172508eÞ+, 23156Cee 
— 04631128 6 — ,932442e — 6,258 ee 
— 1,043 _ + 7,00 
+, 99720116195 +6,0347 32 2e—6,027976ee=1 
Thar is, 1,0094137e— 86@E= ,000464340511Z D: 

1,0094137 000464340511 =D 


==" 2.= 0004602 40360 _(0004=e 
Diviſor 1,00 90 607405 (6=6 

-  Diviſor 1,00$9 5 ind + ( 
i "20351100 (02=e 

m_ OT J ,0089535- 20179070 
Here I defift forming a. 1720700 (01:e 


new Diviſor. 1008955 


Laity =, 149 _ 
*- 8= 3224002010 5149450201 = 4. 


OB, 
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F ROS Xx. 


HE Radius of a Circle, and Chord of an Arch 
being given, To find the Chord of one Ninth 
part of that Arch, 

This Problem needs no Scheme, but a conſideration of 
the Zquation arifing from that in Page 70, viz, Of the 
Triſe&tion of an Angle, There it was found that 
3RRa — aaa —=RRc. 

And if tt be made R = c = 1 in this: Problem as it 
was in that, then ir will be 
34 — 428 — 1 
And here we are to find a third part of that Arch _—_ 
4, is the Chord, for 4 of + =} 2M order to , 
he TRE 6.9 $488 a Puke g hon 
And for the Chord ſought, put # ; chen will Phony hank a 
34 — 884 y, and 9s — 3488 = 3) 
Alſo, 27444 — 27444 18 + 987 — &) = J)Y. 
| And from theſe will ariie this | Equation, 
I 8 —9a7 +270) — 308) +g9a=3) —)Y)Y=e 
If as before, c = 1 the Chord of 60 Degrees, then 
will &,. be the Chord of 6 Degrecs, 4o Minutes. 
Putr + e = @, then there will ariſe theſe, viz. 
—+ r? + gf e + 36rToe = + 8? 7 
7 
— Or — 63% — 189yiee = _— 
+ 271f «+1 ;5r'e o+ 270r%e =278 
— 30r? — gore Some = = —2pa7 
— 992 + 9ge- - © 28 EY 

£2= 1 mn 2 n agg becauſe we” 
are to find the Ninth part of the Arch; Let r= 1 
which being ordered as the Species directs, will produce -- 


| theſe Numbers. ; 
— ,000000001 + ,00000009e + ,000003672e 
— , 0000009 — 0000638 — ,oo189ee 
|=, 00027 + ,0135e le. ,27e6 
- ow" — 9,0ee 
+9 + 9,90 
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That is 870269101 + 8,11343709e— $,7318864ce=r 


Then 8,113437 09e—9$,731 8864ee=,129730899, 


And 2929 1Y9e — ce =,o014857 =D 


Confequent'y, 3 in 
»92916 ,or4857 = D 
—e= ,0163 91 (0163=e 
Diviſor ,91 5757 
Divifor ,913 © $478_ 
Divifor © \912. 6 27900 
27334 


Faſt r =,t+,0163 =,1163 =r Itaker=,116 
Which being ordered as before, will be 


-+,00000000 3 $2.94-,00000029 e+- ,00001017CC 
— 000002543598 — ,0001 F J4 9Je— ,0039 e 
—,000567092247 $,024443 b+ 4 21419ee 


— 04682688 — 1,211044 —10,44fee 
'+1,044 — 9,0 
+=, 9977 37671478-+ 7,81 32504280 — 10,022543300=-1 
t is, 7,813258 — 10,0225433ee = , 002262328522 
And then, 7 795 6,F6e — ee =,000225723995=D 
+ 


27795676) ,000225723995 =D 
15586 


— £— ,0002896 ; (0002=6 
Diviſor , 7793 698639 (8=e 
Diviſor , 77,9028 623424 _ 
Diviſor , 7-7 92 7-80 JT 521595 (9=e 

bes ; 7013502 
The Diviſor remains 50809300 (652=e 
without new forming, 46756680 
Laſt r=—,116 40526200 
+ e= ,000289652 IT26 3.900 
_ 15623000 
82 211,628,96 52 tt 1=-puf 


4 = ,116295494 5c. 


MW Mow 
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Thave choſen to proſecute theſe Angular Seftions to 
this height (which is further than I ever ſaw) for that 
I was willing to ſhew by Example, with what eaſe and 
expedition this Method reſolveth high Adfe&ed £qua- 
tions ; the Root Converging as quick in them, as it doth 
in thoſe of a lower Rank. =» 

Alſo becauſe from hence may be propoſed a much 
ſpeedier, and eafier way of approximation, towards the 
finding out the Circumference of a Circle, than what the 
Ancients had; for Archimedes (and others ſince him) 
proceeded therein, by the continual BiſeQion of an Arch, 
(as in Page 74 of this Tradt) beginning with the Chord 
(or Subtence) of 60 Degrees ; that is, of + part of the 
Circumference , and trom thence found - the Chord of 
T7 then of 2; , then of 77, then of ;&, then of + 
then of ;-E-; , and ſo on, according to the nearneſs they 
intended to bring the Chord to the Arch it ſelf. And 
this way of proceeding (as they reſolved that Aquation) 
Tequires Twenty Seven ſeveral ExtraQions of the Square 
Root (that is, Root out of Root) to obtain the Chord 
of +47, part of the Circumference, And no doubt bur 
they made uſe of thoſe — Extractions, for want 
of other Expedients to facilitate the Work ; otherwiſe (ic 
is bit reaſonable to ſuppoſe) they would not have ſpent 
i much time and labour, as muſt neceſſarily be required 
in the performance thereof ; both which are by this Me- 
thod much abreviared, and not only ſo, bur may be more 
accurately performed-, becauſe. here is not required the 
Extra&tion of a Surd Root, out of a Surd Root, ſo often 
repeated ; for by the Reſolving of one Aquation, here is 
produced the Chord of +7; , part of the Circumference, 
beginning at the Chord of $, for 5 of 4 = 37; ; and 
by a Solution of the fame. Aquation a Second time, it 
will produce the Chord of 4+ part ofthe Circumference; 
for & of £; —= 717. And if further Exa@neſs be re- 
quired, it is but repeating it once more, and then it will 
produce the Chord of 7 ;*5 5, part of the Ky” 


” 
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Fifty Three ſeveral Extraftions, by the Method of Biſefion 
before mentioned. . 

And the better to ſhew how near Two Solutions will 
—_— to the (common received) Circumference of a 

cle , whoſe Diameter is 2 , I have inſerted a Second 
Proceſs, taking the fame Aquation equal to the Chord 
laſt found, to wit, 

a — 947 + 274* — 3043 + 94 = 116289652 

And for the ſame Reaſon that the firſt » = ,1 in the 
laſt Proceſs, in this it muſt be made » = ,o1 

And here it is to be noted, that becauſe + —,o1 then 
will 2? — 9 7 the Two firſt Members of the Solution, 
have one 17, and the other 13 Cyphers betore their ſig- 
nificant Figures; both which being of ſo ſmall value, 
may be rejected ; by which the Solution will become 
contracted to this following. 


_—_ 271) + 135 re —_— 27o0rfee 
— 30r* — gor'e — goree = ,116289652 


pu at eons. 22 


—+ , ©000000027 — , 000001 35E =, 0002720 
Then < — , 00003 — ,00900 — ,9ee 
—+ , 09 -+ 9, 000? 


Viz ,0899700927 + 8,99100135e = ,89973ee=,116289652 
Then $,99100135e— ,$9973ee =,0263196493 
And 9,993e — ee = ,02,925,28306 = 


Conſequently $55; m ; 


9,993) 30292528306 =D 


m_ 4 = '.,002 19982 _ (,002928=e 
Diviſor 9,991 927083 
= £= ,0009 899109 
Diviſor 9,9901 2797406 
— e£= ,00002 1998016 
Diviſor\ 9, 99008 7993900 
| 799206 4 


Laſt » =,or —_ ag — 
—+ e =,002928 3 =,012928 86 


Which is nearer than can be obtained by the repetition of 


of But if more ExaCtneſs be required, it may then be 
0 called a New 7, for a Second Operation , ( as before} 
ll which for brevities ſake -I ſhall omit, and reſt ſatisfied 
2 with this one, as being ſufficient to ſhew how near, and 
nd |} with what caſe this Approach hath been made. 
rd This Chord ,012928 = 4, is nearthe -5- part of 
p the Circumference, or Perifery of that Circle, whoſe Dia- 
52 meter is 2, though leſs than Juſt (it being only the fide of 
he the inſcrib'd Polygone) and conſequently if it be Multi- 
plied inte the Denominator of that Fraction, the Product 
= will be near the length of the whole Perifery, 


8 That is, ,012928 x 486 = 6,28 3008 the Perifery 


ne which is ſomething leſs than that generally received, to 
wit, 6,283185 as may be ſeen in the works of every 
Geometer ; ſome of which are pleaſed to call us of Metius, 
Van Culen, Snellius, or Hugenius, &c. as Diſcoverers of 
this Number, Burt as to the Reaſon thereof, or by what 
— Methods it was diſcovered, therein they are filent, . ant 
Wo leave the Reader to exerciſe an Implicite Faith ; or be at 
the trouble of ſearching into the Volumes of tho Authors 
for his ſatisfaftion. But herein I have, fav'd my Reader 
we that Trouble, and ( as I humbly conceive) given all, who 
pleaſe to conſider thereof, ample fatisfattion , how they 
95 may with a very little labour, approach as near the Truth' 
as can be aſſigned (for an abſolute Determination thereof 
cannot-.be obtained:) Other Methods of Approachmene 
there are ; but this by the Chard -of. an Areh (be jt-per- 
form'd by whar Se&tion you pleaſe) I take to be the molt 
Natural and Demonſtrable of all others. | 
Now by the help of this Perifery, 6,283008 (or if 
you pleaſe, that before mentioned 6,28318 5) and its 
Diameter, not only any other Perifery, but alſo the Area 
'of any Circle may be eafily found, I ſhall paſs over thoſe 
Proportions that ariſe from Squaring the Perifery, or 
Mutriplying half the Petifery, into half the Diameter, ec. 
uſually laid down in moſt Authors, for finding the Arca, 
And effe&t the fame by « Proportion very .obvigus fipet 


bot 
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J'S 
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the Annexed Diagram. Fi 
Of avy Olcte agra irft then for obtaining the Perifery 
Suppoſe the Side of the Square, AB =2 = D, | 
the Diameter of the greateſt inſcribed Cirde , then is 
4g a = P the Ferifery of that Circle (as before,) || ! 
poſe the Side of the inchided Square, 
I » the Diameter of its inſaibed -Circle.; 
Let p = the Perifery thereof, 


Then it will-be 
D\:P:;#:Þ - A -. B 


That is, a d b _ 
2:6,283 ::1:3,1415 WF L 
Conſequently, 
dep::D:P þ K 
That is, r : 


1: 32,1815; D:P 


a Here D is taken for any given Diameter whatever: 
; Hence i follows, that if the Diameter of any Circle be 
Molriplied into 3\,1415 (or rather 3,141 6) the Pro- 
Unit will be the Perifery of that Circle. 
© Next, for finding the Area ; it's very obvious, that 
#5 the Perimeter of the Square, Is to-its o—__— 
Onk ni; So is the Perifery of the greate 
rribed Circle, 20 6s O08 oye; ramets 

renal conſider the Scheme, as if deſeted into 
which will then be very obvious.) yrs 
ne" 4D: DD: Þ : A= the Circles Area, 
| > 0-2 dd ::p: 4 -== its Circles Area. 
4nl 41:44 122 31416 : 7854 = Ares 
mon front tc d:p::D:P 

Therefore, . 4d: $::4D:PÞ But 4: ;Þ 7 6 F 
Crnfeauennly, d4:.a::DD: A : "> 
Taos 1; +47854;;DD:; 4 = Areas... 


r_ « > 
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Here DD is taken for the Square of any given Dia- 
meter ; from hence it follows, that if the Square of any- 
Diameter be Multiplied into ,78g5 4, the Produc will be 
is the Area of that Circle, in Square Meaſures of the fame 
Name with the Diameter ; wiz. If the Diameter be 
e, Inches, then'will the Area be ſquare Inches, &c. 

e.; And what is here done, as to the Proportions betwixt 
the Circle and the Square, the ſame may be applied to the 
Ellipfis, and 'Parralellogram made of the Tranſverſe and 
conjugate Diameters of that Ellipſis. But more of that 
B I} (and other Conical Sections, with their Solids, &'c.) here- 
.after, For if God permit, and 1 find due encouragement 
thereunto, I intend to preſent (my: Quandum Brethren) 
the Gaugers of Exciſe, with a ſmall Tract of Gauging, 
not only of Theorems or Rules, but alſo a Demonſtration 
-of each part thereof, both Algebraically, and in Words 
"at length, with ſome Improvements therein not yet pub. 
A , iſhed. But leaving, this Degreſſion , let us proceed to- 
'lA gs Application of what hath been- already 

un 
er: i From this Perifery 6,283008 of the Circlg, whoſe. 
be IF Radius is Unity, may be eafily raiſed a Table or Canon 
"r0- Bf of Natural Sines, Tangents and Secants. In order there- | 
FW to, I take it for granted, that the Sine of one Minute: on 
that I aoth fo inſenſibly differ from the. length of the Arch of. ,* -_ 
= one Minute, that without Error it may be taken from the Sor” 3 
' # © faine. Then it follows, that As the Perifery jn Minutes a 
| Ir t0 the Perifery in Equal -parts of the Radine ::  Sous- E- 
th, ove Minute : To the parts agreeing to that one Minute. £3.28 


Py 


That is, 21600! :6,283008 :;19:,0002 90888 
| If Sine of one Minute, which agreeth with the largeſt Tables” 
rev = Tever yet ſaw. . Having got the: Sine of one Minate, the / 
' Co-fine thereof is thus obtained, by the Second part of 
{: 6 i 3he flowing Scheme. us + V0 
'. $D = Radius, DF = theSine of the Arch D,-* 
| Then SFSZRD is the Co-fine of the faid Arch. 
i $46 > I 2 Bur 
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88 To make a Table of Sines, 


But the [JSD — GDF= (SF. 
Therefore V [J SD — (IJ DF = SE. 


That is, From the Square of the Radius, Subſtract the 
Square of the Sine of 1/, the. Square Root of the Re» 
mainder will be the Co-fine of 1/. 


In Numbers 1 —,000000084612=,999999915388 
The Square Root thereof is,99999995 = the Co-fine 
required. 

The Sine and Co-fine of one Minute, being thus : 
found , all the reſt of the Sines in the Quadrant may 
be eaſily rais'd , by Mr. Michael Daries's Sinical Pro- 
portion. ; 

Which (if I underſtand aright) may be thus propoſed : 
If a Rank of Arches be equally different, ſuch as we ſup- 
poſe the Arches: 4B, BC, CD, DE, EF, &c. in the Qua- 
drant ASL, of the Firſt part of the Schem, 


Pirft Part. L Sccond Part, 
EE: n+ | 
E/: : | - 
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whole Sines are 6, c, d, e, f,& Þ, &, and R:= Radius, \. 


or Sine of 99 Degrees. 
Then the Proportions will run thus, 


c:b + d::d:ch+eocibÞd::g:f+h 
Kegan, fie-+g::k:h+R,ord:c +6 ::0:6 + h&e 
That 


« 


= 
CY a —_ | —_Y 


\. 
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". ComakeaTableof Sines, 89g 


As any Sine in the Rank : Is to the Sum of the 
Two Sines next it on each ſide :: $0 is any other 
That is, X Sine in the Rank : To the Sum of the Two 
Sines next it on each ſide , or to the Sum of 
any Two Sines alike diſtant on each ſide it. 


From hence it- follows, that-if the Radius be made the 
Middle Term of Two Arches , then the Two Sines on + 


' each ſide it, may be made the Sines of Two Arches, 


one of them Leſs than - a Quadrant, by one Minute, and 
the other of them greater than a Quadrant by one Minnte; -. 
the ſame Sine being common t, both Arches. 


Then it will be R:2k::tbieo0::c:b + d.Ke 
As the Radius : Is to the double Co-ſine of one... 


Minute : : S0 is the Sine of one Minute, To the . 
Sine of Two Minutes, and of of :: Aud ſors 


That is, © the Sine of 2' : To the Sum of the Sines of 3". 


and 1' :: And ſo is the Sine of 3' : To the Sum. 
ofthe Sines of 4.\- and 2/. And jo on in 8 ſuc+ 
cefſive order. | 
Now if from: the Sum of.the Sines of 3' and 1', be 
taken the Sine of 1' , the Remainder will be rhe Sine 
of. 3', And the like, if the Sine of 2', be. taken from: 
that of 4', ++ 2' , the Remainder will be the Sine of- 
4, Oc. . 
And by this Method of proceeding, all the Sines in the: 
Quadrant may be eaſily calculated, by 4ad:tion. and Sub- 
ſtraftiom. For the Radius, or firſt Term in the Propar- 


- tions b&ng Unity, Diviſion is eſcaped ; and becauſe the: 


Second Term varies not, if a Tariffa, .or- ſmall Table be 
made thereof to all the Nine Digits, then Mw/tiplicasion 
is alfo eſcaped; for by the help of that Tariffa, the. 
whole Work may be perf6rmed by Addition and Sub- 
ſtxaton only. | 

Having thus made the Sines, the: Tangents and Secants + 
are eaſily found by the following Proportions. See the 


' Second part of the foregung Scheme. 


I 3: SDS 14 - 


SD —S$S4 the Radiis, DF = the Sine of the 
Arch D 2. 


SF= the Co-ine of that Arch (as before.) 
BA = the Tangent, and $B the Secant of the ſame 


T} SF:DF::SA: BA 
pre SA:SPB 

that Arch ; So is the Radius, To the Tangent 

of the ſame Arch. 


: As the Co-ſine of any Arch, Is to the Radius; 
gan, 3 So is the Radins, To the Secant of that Arch, 


T omit inſerting the Arithmetical Operations ſuitable to 
theſe ſeveral Proportions, they being ſo obvious in them- 
ſelves, there needs no Example to explain them. | 

Other Varieties of Proportions there are, betwixt the 

- Sines, Tangents, Secants, and their Complements, which 
I forhear laying down at this time, theſe being ſufficient 
ro accompliſh what I here deſign'd ; which is only to 
ſhew how the Canon of Natural Sines and Tangents, ec. 
may be raiſed (or made) from the effe&ts of the Tenth 
Problem. 8 

Having once made the Canon of Natural Sines and 
Tangents, &c. it will not be difficult to. compoſe the Ar- 
tificial ; they being only the Logarithms of rhe Natural; 
reſpect had to the Charafteriſtick of the: Radius, which 
for Conveniency (not neceſſity) is always made 1 o, as 
tho the Radius of the Natural were 10000000000. 
Notwithſtanding it may be- more or leſs at pleaſure ; the 
Characteriſtick of the Radius being thus aſſign'd, that of 
the other Sines will be 9, till it come to the Sine of 5 
Degr. 44', and there it changeth to 8. The Reaſon 

» plain, from the Decreaſe of one Place in the Natural 
mes 
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As the Co-ſine of any Arch, is to the Sine of 
That is, 


= oo @ ou. 
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Bur for a further help herein, (and to gratify the Young 

Algebriſt) I have here inſerted a ſhort Specimen of the: 
Nature and Conſtruction of Logarithms,. which were firſt. 
invented by the Lord Neperr , Baron of Merchiſton in 
Scotland ; who ingeniouſly contrived how to perform 
Multiplication or Dia ſion of Natural Numbers ; by Ad. 
ding or SubſtraCting certain Artificial Numbers ( fitted to 
correſpond with the Natural,) called Logarithms. This 
f Invention of his (no doubt) aroſe from a mature conlide- 
t ration of the Mutual Agreement that is found betwixt 
Numbers in a Geometrical Progreſſion, and thoſe in 
Arithmetical Progreſſion. 
3 For Inftance, Suppoſe a Rank of Numbers in a Geome- 
trical- Progreſſion ; and to them let there be aligned a 
Rank of Correſponding Numbers in Arithmetical Pro- 
- grellion. 


jy 3 1.2:4-$, 16.32.64, 128 &c. Geometrical 
i = 8:9. +3.4 .5 .6 . 7F Oc. Arithmetical 
h It is very perceptible , That as the Numbers in the » 
At Geometrical Progreſſion are produced by Aultiplication 
to or Diviſion, thoſe inthe Arithmetical Progreſſion are pro- 
'C duced by Addition, or SubſtracFion ; as doth appear by 
th this Example. 

a = ep ts == 12h Tor 128 —32=4 Goomens 
r- 2+5 = 7 7 — 5 =2 Arithmet, 
I; ; I. 10. 100. 1000, 10000, 100000 Ec. Geometric, 
ch Again, : þ 
9a | 6G. t.%, 9+ 6 » 6 &cc. Arithmetic, 
Oo. The ſame Agreement is-betwixt theſe Iatter, as was ba. 
he tween the Two Firlt Ranks. 

- : pe OY Ont T0 
5 Viz. or ; 
on | 3 +1 = 4 5 - $3. 2 »,Aml 
al Either of theſe Examples do ſufficiently ſhew the Reaſon, 


and very Ground of Logarithms, 


92. Waking of Logarithms;. _ ® 

And from the latter of theſe it was, that the Prime - 
Logarithms, or CharaQerifticks, were firſt aſſigned, as - 
appears by this Table. 


by 


My © -- 


Natural Num. | Logarithms. n 


1 | 0,0000000 
10 | 1,0000000 

100 | 2,0000000 

I 000 |] 3,0000000 

I 0000 | 4,0000000 
I 00000 | 5,00@00000 
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Having laid this Foundation, the next work. was to + 
find , our the Logarithms. of- the intermediate Numbers 
ſciruated betwixt 1 and 10, viz. of 2, 3,45, 6,7, &c.. 
And of thoſe betwixt 1& and 100, wiz, of 11,12, 13, 
14; 15, &c. and fo on for the reſt. This was a Work. 
of ſome Difficulty, and very Laborious. 

The Firſt Step in order thereunto (as I conceive) was 
to find out a Rank of continual Means betwixt 10 and 1, 
ſo as that the laſt (and leaſt thereof) might be a mix'd 
Number lefs'than 2, and ſo near 1, as to have ſacha 
Number of Cyphers before the Significant Figures thereof, 
as was inteended the places of Logarithms in the Table. 
ſhould conhiſt of Which Means - are to be found , by 
Extracting the Square Root of 10 (having firit annexed * 
a Compete-t number of Cyphers thereunto.) Then Ex--. 
trafting the Root of that Root , and ſo by a continued * 
Extraction of Root out of Root, until there be a Root {g 
qualified as before' mentioned. Which to make a Table _ 
to Seyen Places in the Logarithms, will require Twenty 
Five ſeveral Extractions, the laſt of which will produce 

" this Number, 1,00000006862238 
The next Step, was to find out a Number betwixt (1) 
and (o) in Arithmetical Progreſfion, that might truly cot- 
1eſpond wich the Mean before found (betwixt 10 and 1;) ; 
luch a Nygaber muſt conſequent]y be its Logarithm. __ FT 
- [1 2 
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this may be found by a continual biſeting (or ha]ving ) 
of 1, ſo often as was the Number of the foregoing Ex- 
traftions (to wit , Twenty Five,) the laft of which Bi- 
ſections will produce 0,00000002 9802322 cc. the 
true'Logarithm of 1, 00000006862238. + 

For as 1, 000000068622 38 by Twenty Five con- 
tinied Involutions (v2. firſt into it ſelf, then that Pro- 
du& into it ſelf, and fo on ſucceffively) will produce 10 
ſo will 0,00000002'9802 32 by the like Number of 
doublings and redoublings, produce 1. 

This Mean (or Number) and its Logarithm being thus 
found, it will follow by Proportion. 

As the Significant Figures of this Mean : Is to the Sig- 
nificant Figures of its Logarithm \ : So is the Significant 
Figures of any Mean, betwixt any given Number and 1 : 
(having Seven Cyphers before ſuch Figures : as this hath) 
To the ſignificant Figures of its Logarithm. To which: 
muſt be prefixed Seven Cyphers to compleat it. After 
which being dovvbled, and redoubled according to the 
number of Extractions required to produce it's correſpond- 
ing Mean, will at laſt diſcover the true Logarithm of the 
given Number. For the clearing of this, take an Example. 

Suppoſe it were required to find the Logarithm of the 
Number 2, to Seven Places. Firſt by a continued Ex- 
traction of Root out of Root, beginning at 2, find ſuch 
a Mean (or Root as before) betwixt 2 and 1, as will 
have Seven Cyphers before it's Significant Figures ; which 
after Twenty Three ſeveral Extractions, will be this Num- 
ber 1,0000000826295 8. Then according to the 
faregoing Propartions, it will be #: 

6862238 ; 2980232 :: 8262958 : 3588557 
to which prefix Seven. Cyphers, as before direged, then 
will 1,00000008269958 have for irs Logarithm 


,00000003588557 Which being doubled and re- 
doubled (as aboveſaid) will produce 0,3010299795 8658 


+  the-true Logarithm of 2, whichbeing contracted to-Seven 
Þ Plaggs, according to the firſt Deſign (and. agreeable © the 
ven 


[ 
F 
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Places of Cyphers,) then it will become 0,3010299 

Bot i all the Tables they have ſeen, the Legarithm 
of 2 is-0,3010300 I conceive the Reaſon is, becauſe 
the remaining Figures 7958658 come ſo near Unity 
of the laſt place in the retained Figures. ; 
And by the ſame Method that this Logarithm of 2 is 
made, may the Logarithm of any other Number be found. 
But when once the Logarithms of a few. of the Prime 


Numbers, viz. of 3.7.11. 13', Oc. (that is, of ſuch. 
Numbers as cannot - be prodnced by the — of 


Two Integer Fattors) are obtained, the reſt may be cafily 


compoſed by Addition and Subſtration only. 


For as 3 2 =6 $0 Log, of 3 + Log:of 2 = Log. of 6- 
Andas 102 =5 SoLog.of 10— Log.of 2 =Log, of 5" 


The like of all Numbers that have Aliquot Parts (that 
s, ſuch Integer Numbers as may be divided by Integers.). 
And indeed the Logarithms of ſeveral of the Prime Num- 


bers, may alſo be obtained by #14:r:0n or Suojirachon, 


as might eaſily be ſhewed, and is not difficult to conceive 
by any one, who but duly conſiders the Nature and De- 
ſign of Logarithms, and hath been but a little converſant» 
in their uſe, of which I ſhall forbear faying any thing at 
this time, and keep to my firſt Deſign here, which was 


© to give a brief Account of the Ingenious Author's Method | 


(as I conceive it) of making the fame: (who. undoubtedly. 


/> ſound it a very difficult Work, by reafon there is required 
{- many ſeveral Extraftions of Roots out of Roots, 


- Which muſt needs render it both Troublefome and La- 
borious.) Then to propoſe a different Method of raiſing 
the Logarithms of ſuch Prime Numbers before men- 


tioned (which require the Extraftion of Roots to obtain. 


their reſpective Means ) with one Tenth part of the 
Trouble and Time required” by the foregoing Method 
And not only.ſio, but more exatt; for by our preſent 
Methods of Converging Series, the Root of any Power 
how high ſoever it be, is eafily found at one fingle Ex- 
waction; and. thereby the Errors which would arife. by 
Extracting 


Ks Fs Weg, . 


Theſe being found,are the Foundation of the reſt, as before. 


when often repeated) are avoided ; and conſequently ſuch 
a Mean as may be required berwixt any Number, and 
Vanity is thereby more exaRtly found. * 

Now how this may be performed, I here intend to 
ſhew, as briefly as I can. In order thereunto, take this 
2s a Model. | 

Let a = the Root; or Mean required betwixt an 
"Number and Unity, 


f=J.s - f= Us .FfF= BH 
Then = OS... =D" .ut =D; 
423 = [a5 . a*55 = FI A PLL ow g755 
And fo on ſucceſſively with the Indices in Geometrical 
Progreſſion , until the power of (4) be made equal to 
ſuch a Term in that Progreffion, as that the Root, or value 
of (4) may have 'betwixt Unity , and its ſignificant Fi- 
+ ſo many Cyphers, as are the intended Number of 

laces in the Logarithms. { 

For inſtance, let'it be required to find the Mean between 
10 and 1 (as in Page 92) then the Power of (2) muſt 


be 433554432 — 1o this Index 33554432 beingthe 25th 


Term in Geometrical Progreſſion, which may be thus de- 
Jerinined.- 
Let 1 the Characteriſtick, or Logarithm of 10, be 


divided by ſch a Term in Geometrical Progreſſion, as 


Will cauſe ſuch z Number of Cyphers to be before the 
Significant Figures in the Qyotient, as are required to be 
before the Figures of the Root (a) ſuppoſe 7 (as before) 


Then 1 — 33554432==,0000000 29802 32 &c, 


awhich is the true Arithmetical Mean : ( as before found, 
by a continual BiſeQting of 1) correſpondent to that ſig- 
nified by (a) And therefore the value of (a) found by 
extraQing the reſpeCtive Root of 10 = 433554432 will be 
the Mean required, 

. Viz. 1,00000006862238 whole Log. is ,00000002.980232 


Then 


' "Baking of Logarithiis. or 


'Extrating a Surd Root out of a Surd Root (eſpecially 
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any of the Prime Numbers ; if you pleaſe that of 2. In 
order thereunto, Let a = the Root, or Mean ſought be- 
twixt 2 and 1 (as before ) then muſt (4) be continually 
Inyolved, (as by the above Model) until its Index be equal 
to the greateſt Term in Geometrical Progreſſion, whoſe 
Number of Places of Figures are to be equal to the Nnm- 
ber of required Cyphers before (a) to wit 7. According to 
which the Power of (4) will be a*383598 = > (this 8388608 


Example. 
Let 2 +e=4 


Thea will p 3338608 j= $38 $608 3388507 & 
—+ 35184367894528 p3388605gg. —— 18388608 — 2 
Suppoſe r = 1 


Then 1 -+- 8388608e + 351843678945280e =2 
Thatis $8388608e + 35184367894528ee =1 


Each part being divided by the Coefficient found pre- 
fixed to ee, viz. 351843 Oc. Then it will become 


>00000023e + ee = ,0000000000000284 = D 
| D 
eq ey ,00000023+e 


,0000000000000284 —= D 
,000Cc0023 


+e=,00009008 36 
Divifor , 00000031 
ET: = 5 


3 
—— eg = ,00000008 
New r = 1,00000008 


Which being duly Involved (in the fame order as the Mo- 
del denotes) and Multiplied into the reſpective Coeflicicors, 
1 


Then ſuppoſe it be required to find the. Logarithm of F 


2 48 (,o0000008 =e 


Mo 


078 


[0- 
Its, 
vill 


op 
© 


" Vit. 29563638967 + 1641116864 6883141 Godfafger=x 
Then 16411168e + 68833416066289ee = ,043636103 3 
And , 00000023842 -4- ee = ,00000000000000063393 = D 


D 
Corus z- 0000002384 Fe —* 


,00000000000000063 393 = = 
,>0000002384 480. ' (00000000263 = e 


+ £= ,0000000 026 15393 

Diviſor ,0,00000240 *' 14460 

Diviſor ,0000002410 9330 
7230 


Laſt r= 1,00000008 
+ e= ,00000000263 
New r — 1, 00000008 263 
. I take only 1,0000000286 = r. The which being 
Involved, and ordered as before, will produce theſe follow. 

ing Numbers, vi 
1,999503684.867 + 167730280 ++ 7035126745 4084ece = 2 
Then. 167730288 +-70351267454084ee = ,000496315133 
,£000002384186e + ee =00000000000000000705 481443 =D 
D 


Conſequently, IDIOT « 


>00000000000000000705481443 =D » 
,0000002384186 47686 (0000000000295 =8 
+8 = ,0000000000295 2286214 
Diviſor ,0000002384.3 2146023 
Diviſor ,0000002.384.47 14019143 
Diviſor ,0000002384.481 # 11922405 
£©20967380, (979 =e 
* Here deſiſt forming I 927 5 848] . 


2 new —_ and make 1891532] 

uſe of the Abridgment, as 1669136 

in Pag. 52,and ec ewhere. 22239 
21459 


Laſt r = 1,0000000826 


= e£ = ,00000@80000295879 
@ = Ll, 0000 00S LPESSV7 SY. 
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3 4 "ll then produce theſe Numbers 
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This value of a = 1,00000008262958 is t 
Geometricat Meats betwixr 2 and 1, as os * ivoig 
(igreeableto that before found, by Twenty Three ſeveral 
Extra&tions.) Andby'this Method of -proceeding, may be 
found the Mean betwixt 10 and 1 wiz. 1,00000006862238 
or betwixt any other of the (before mentioned) Prime 
Numbers and Unity, as might eaſily.be ſhewed. But for 
| brevities ſake, I ſhall omit giving more Examples thereof, 

\ this one being ſufficient ( eſpecially ro the Ingenious ) if 
| well conſidered, and but once underſtood, to ſhew the na- 
ture of, and manner how; to proceed upon- the like occa-" 
ſion, of finding any. propoſed Mean, The next thing will 
be to find the Logarithm of the-Nnmber, from whence 
fach Mean was produc'd; which may be thus perform'd. 

Firſt, find its correſponding Arithmetical Mean, or Lo- 
garithm, by Proportion ( as in Page 93,) Then Multiply 
that correſponding Mean (fo found) into the Index Num- 
ber of ſuch Power as the Geometrical Mean was produced 
from. ; that Product will be the” Logarithm of the given 
Number (without a continued doubling- and- redoubling 
as before) For the clearing-of this, let it be required to 
compleat the Logarittim of 2. _ 

Having firſt found 1,00000006862238 theproper 
Geometrical Mean betwixt 1oand 1 Alfo its correſpond- 
ingLogarithm 0000000 29802 3 2 (as before directed) | 
with them, and the Mean betwixt'2 and 1, laſt found, 
Viz, 1,000000082 629587 9 make uſe of the above- 
mentioned Proportion (as in Page 93) v2. 
6262238:2980232 :: 826295879: 358855729 


to which prefix Seven Cyphers to compleat it (as before) 
Then it will become ,0000000358855729 This 
Number being Multiplied into the power of a (what 
that is, ſee Page 96) will produce the-Logarithm of 2. 
Viz. ,o000000358855 729 x 8388608 =0,30103000391352 
Bur according to the firſt Deſign, ir is required to have 
but Seven Places, zz. 03010300 which is the true 
Logarithm of 2 without 'any de _ NY 
us Þ. - 
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_ - "Refalvinx of oblems. 99 
Thus TI haye preſented you with a New and Expeditious: 
Method of king Trl , Which if they were re- 
ary to 14 or 1 5 Places (l can Modeſtly fay) they might 
then be made with one Twentieth part of the Tune and 
Trouble required by the firſt Method. 

Before I conclude , it will not be amiſs to inſert an 
Example or Two of ſuch Aquations as have all their 
Terms in them. Suppoſe this Aquation- were . given , 
aaa + bas — da = G, what's the value of a *? 


In Numbers aan Þ+438aa—78254 = 98508430 


b = 438 A = 7825 G = 98508430 
Let r +e=4. | 
rr —+— 3rre + 3ree © A484 
Then < bry +—- 2bre + bee = baa 
— Ar — de = — #4 


Suppoſe r — 4 then-yr = 16.777 26 brr—=64 
and dr —= © (for there is no Figure under the Firit 
Point at 4) Then doth rrr + brr = 128 > 98 
+ 39420000 + 262800e + 4382e 


Ergo 7 <4 
—$ 
— L347 500 — 7825e F 


Xt » = 300 thien.it will be 
—- 27000000 + 2700008 - 900ee 
That is, 64072500 + $24975e + 1338ee = G 


Then 524975e + 1338ee = 34435930 
And 392e-ree = 25736 = D. 
D 
Conſequently, .' — 
Won, 3 = , 
392 We 
+e=" 5 25756 = D 
Diviſor 44 220 _ (F'=5o 
——-e= 8 3736 (8=e 
Diviſor 450 3600 
Laſt x» = 300 
—— e—= F8 


New r = 358 I take but 350 =y 
This New. r being Involved and. Multiplicd into the 
K 2 Cocthcients,. 
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' Coefficients , as the Species above diredts, it will be PF" 


> + 42875000 + 367500e + 1oFore | 
+ 53655000 + 306600e + 438re 
— 2738750— T7825e 


That is, 93791250 + 666275e + 1488ce = G: 
Then 666275e + 1488ee = 4717180 
&nd 447,76e Hee = 3170,1478 = D. 


D 
Conſequently, C==ICT-7 _—6 


447-26 3170,1478= D 
+e=__ 6,99 2718 (6,994 =# 
Diviſor 453, _ 452,14 
Diviſor 4.5 4.0 _ . 3. - 3. 
Diviſar 454,75 430078 
& 409275 
208030 
Laſt y = 350, t 
—_—— 6,994 Y 


a = 356,994 


In this Proceſs, 'F humbly conceive, there is no difficulty: Of 
appears.; that. which ſeemeth like one, is the placing of- 7 
the firſt value of e = 5. But if it be conſidered, that 
there muſt be Three Places of Integer Figures in the Root 

_ (as appears by the Points) and thar this F- is. to be the 
* Second Figure thereof, it will-be eafie to determine that 
© irs place muſt be under the Second Figure of the Diviſor, + 


VIZ. 9. 
This Conſideration will be very helpful in all Cafes 6, 
3 


where the Root confifteth of moſt Integers; As for Decimal: 
Figures they place themſelves, 
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P ROB. XII. 


the Oblique Triangle ,. C AD, there is given the” 
Side 4D, and the Sum of the other Two Sides, v:2. 
CA—+ CD; alſo within the Triangle, there is giver 


the-Line 4B, ſo drawn;,.as to make the included Tri-- 


angle C4 B, Right-angled at 4. 
Thence to find out the Side. GC 44:- 


Let 
CA+CD=z F  $-—Þ© x 6 
AD = d =_ Alth. #232 
AB = 6b ; = 23 


E 


Draw the Line DF, pararallel to AB, and continue- 


the Side C to F, then they Triangles, CAB; and CFD» 


will be alike. 
Let CA=a AF =e6 and FD. = y. 


* Then, [1] 4 — 4 = CD, bythe Prob. 
1-2 24:8s — 228+ a8.= CD. 
but-:'[:3 22 — 2.2 4 44a=as + 2430+ 8+ 
J — aa} 4|Z%.— 224 = 24ae + 60 + Y} 
bur |s5 dd = ee + yy. 
4 —5|6|] 22 — 224 — dd = 2ae 
Let |7]2f = zz — dd 
6,7, |8]|2f — 2284.2=2:2 #x- 
9 


of Za —= 48 


10] 24.4 4b = O) CB, by the Scheme; 
W W |!2./4& +05 = CB. 


K 3. But 
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"Bur #12] CB:CA::CD:CE 
That is, [13] aa—-bb:a::2 —a:a+e 
13 Ha} 24 — 48—= Maas bb = a-þe 
9 —=4iff—za—4=e 
WW-F&16|f — za + ao —a=a+e 
14, 16; 7 Rs — &@ ff — 2a + aa 

vVaa+bs © .4 

204 — RAN 
Vas —- bb = 
78 ,X 419} 24? — & = f— za + fxy/aa+b0 
Then [2g| = — © __ _ 
1 tf —za+848a — ren Hos 
And {z1] 


za + aa 


17X4 [18 


2484 — aan 
= va + aa © #5-wh> #5 


This 21ſt Step, or laſt Equation, being firſt -Inyolved; 
zhen brought out of the. Fraction, and reduced i into Num- 
-bers, will Fraduce this Zquation, 

— 201 $4444 =" 125609444 — 24642 30,2548: 
—+ 354683078 =27 4183 222,25. . 
Each Member thereof being divided: by 2 oft $-. [the 


Fattor of the higheſt Power of -#, that 4&rhe: Gme: may 
be cleared; will bring downirhe Mquation t to: :this,: 


— aaa — 62,1 648 — 1221,1248 + 


+ 17575,9698 = 555865, 1396 Bs 
Let the Equation be -made: - ; = h . 


——4aaa baen.— dad 3fiie G 
Here 62,1 =6, 1221,12.=4 


and 17575,969 =Ff . 135869,1388 = ET: # 
; at 


Et Yr JO? n 
>> 8% Eh eee den - aatbl " a 
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y 5 7: ir nd = I 
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Par 


_ es eo cove es = — #* 


— brrr + 3brre þ 3bree = + ba? 
— arr — 2dre-— dee — das 


+ fr +fe..... +4f2 
Let r — 10, then it will be 
— 10000" — 40008? — 6OOCe 
I 62100: +—-18630e +1863ee 
— 122112 —.2.44228—}221Ce 
a= 1757 SOS LTFIFC 
That is, 105 5:47 ++:7783e + 4282 = 135869 
Then 7783e + 42fe = 30322 
And 185,6e Pee=7z1,95=D 


D 
GFFIND cg 


[111 


— 


| 2356» | TzLSF = =.D Sint 
"Differ, 88 - 25795 os 


--\Diviſgr - 739;4 LFISZ 


= 


. Firſt: -,S='r0; 


ts _— Ms | 
: New. # ..= :3e N | 'T rake be TW Bhs, 
ſc: wit FI FR 14.5 volved, and duly 
. (Mie plied j into the R on will produce 


theſe. following Number ſy 


— 28561,00 — $788,00e — 1014,00ee 

+ 13643 3,70 + 31584,70e. + 2421,90ee 
Viz? _206369,28 — 31749120 — 1221,12f6 

4+228487;60 +117 375,970, 


"That iy, 12 2.9991,02 +862 3550186, 78ee =6G 
Then $8623,55e + 186,78ee = 5878$;1188 
And 46,169e + 860 = 31,470814 = D. 


Cor- 
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D 
Conſequently, 3 TE 


46,196 31,47081, =D 
== e= -,673- 28,02 _ (,67z6 =s6 
Diviſor 46,7 3,4508' 

Diviſor 46,83 J,2781 q 
Diviſor 46,842 $7 2716: . 
140526 
321880" 
28.1 052 
Faſt = 23, 
+ e = ,6736 
& = 13z6736- 


This Problem. I invented, and Reſolved about Sixteen: 
Years ago (living then at Cheſter) from 'whence it was: 


ſent (by a Friend of his) to one Joby*-Ward, then and' 
ſtilt a Mathematical Profeflor in London, from whom I 


was (promiſed) to receive # Solution thereof, burgever 


did, either from him , or others , until: I met wigh it in: 


Mr Raph;on's before mentioned, Analyſis, Page 24, where 


rhe ſame is brought to an Zquation by. adifferent Proceſs, . 


to what I then did, and have here done, 
This I thought convenient to/infetr, not for thar I ſap. 
poſe this Problem fo very difficolt {tho knotty enough) 


but becauſe I have here a fit opportunity to {ignifle * 


to the Reader , that I am" not a New Pretender to this 
Excellent Art, having been converſant in It (and other 


parts of the Mathematicks) near Twenty Years, yet never 


thought it'proper to appear'/in Publick, untill had ſome- 
thing to preſent'the World with, worth (as I humbly con- 


ceive) their acceptance : Whether this Tra&t be fiich, or. 


not, 1 leave to the Confideration of the Ihgenious: 


FINIS. 
oY 


Mi #®ds «4 a. 


9 oo = 50 tn & oo tr 
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A SHORT 


APPENDIX 
CONCERNING 
Compound-Tntereſt , and. Annuities; 


Y Defign in this Appendix is only to ſhew how. 
ſuch Queſtions.in Compound-lntereſt, &&-c. as have: 
heretofore been very difficult, (if not impoſſible) to be: 
performed (without the help of Logarithms,) may now 
be cafily Reſolved, by the foregoing Method of Extrat-. 
ing Roots, without the Afliftance of any. Tables what{o- 
EVeET.. ; ; 69. 

In order thereunto, I ſhall firſt touch typadl thoſe General i 
Heads that comprehend the whole ; Then lay down ſuch. 
Theorems, as (if well conſidered, and truly applied)-will - 
Reſolve all Queſtions therein, giving ſome few Examples . 
in: Numbers, eſpecially in thoſe Queſtions whoſe Solution . 
depends upon the Extrattion of Roots. 

And herein I'le not diſpute the Lawfulneſs or Unlaw-- 
fulneſs of this fort of Intereſt ; only-thus far it. ken (to - 
me) rational, that if ir be lawful to take Intereſt at all, 
then it's as lawful to-put out the Intereſt-Money to uſe, ag 
the Principal :.If ſo, why may. it not be joyned'to the firſt 
Principal ( or prime 7 goo as it becomes due, thereby 
creating (as it were) 4. new Principal, which if ' granted, 


then-is the growing Intereſt properly called Intereſt upon - 
Intereſt, or. Compund Intereſt; the Computation of which, , 
is no more but to find out a true, or juſt Equation of Pay- 
ments... ; 


rr le b, IP ESE 4 TT" q 
xg j 3 8 \ 9 « 
2 =o 2 6. T I - T EF HT MY * 4s w 
-£ ».. "i et —- . Wo KS. 7 bs r 
* I Log bo y Lt; "& ger x Ka, 
— : RD = < N ; 
_ , ; 
" _* 5:0 oe i 
LY b hs 
2 "Rn 
$700 


wt - 
"1-5. * 


or inftance, Suppoſe 4 and B, to repreſent Two Per- 
ſons : Then if A pay to B any Sum of Money before 
the time it becomes due (or ought to be paid at) it is but 
reaſonable that B ſhonld make a proportional Allowance 
by Diſconnt to 4, for ſuch time (according to the Rate 
of Intereſt agreed upon.) . But on: the contrary, if A pay 
not ſuch Sum to -B,. until after the time it became due, 

eaſon' 4 ſhould make an allowance to B, 


by Amnount or Increaſe for the time he. kept ſuch Sum after 


it became due. Upon theſe Two Caſes depends all Que- 
ftions relating to Intereſt, either Simple or Compound. 

For the Reſolving of which, the beſt way is.to ſtate or 
form the Queſtion propoſed, as though the Demand lay 
upon one Pound only : -And- having fonnd a fit-Anfwer 
(according to the import of the Queſtion) for one Pound, 
(to.2a convenient Number of Decimal Parts) Mulriply the 
' Sum.or Number of-Pounds, ec. propoſed inthe Qyeſtian, 
-mnto th: t: Anſwer . agreeing :to;.o0ne; Pound,- the: Product 
wiſing t-.uefroqm,s wilbbe the: dryer required. 

For the cafigy exprefiing of +. ſeveral parts given.or 
fueght, IthaFiabeice-of theſe Letters, oF 


.PÞ =-the Principal3 given or ſought in. any Queſtion. 


: or Number of Years or Days, &c. 
+ =-the:Time 3 given, or ſonght. 
of one Pound , for one Year, or 
. propoſed... 

BED + '© or Amount of Principal and In- 
5.5756. cum 3 tereſt, given-or ſought, 
Where Note, That in the Caſes of Compound-Intereſt, 

(z) Is the Index of the Power of (4) | 
Now for the raiſing a General Theorem, by whi.. all 
eſtions in Compound-Intereſt may be Reſolved, conli- 
theſe Two Proportions. | 
Firſt, 11: 4::4; 44 :: 48 ; 448 :: 484 :408 KCN: 


p 


That- 


{ * 4 : 
: 2 «8 L» 
: Rea K s; 
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a 
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Account : To the Amaunt of one Pound at twe 
Tears, and. ſo on. | 
From hence it is evident, That Compound-Intereft is: 
grounded upon a Rank of Geometrical Proportionals Con- 
tinued; thelaft of which is known by the Number bgaified 
by ( +) and is 4*. | 
Secondly, 11: a” :: P:z, Ergo Pat =2 


: As one Pound : Is to its Amoitmt, ) ns 4 
Thar * with its Intereſt) at one Years End: : So is that 


As one Prage: Is td the Account of one Pound, {11 


Sum propoſed: To its Amonnt, for the ſame 
Fime. 

From theſe Two Proportions, T preſume the General 
Theorem P a* = z is ſulſiciently demonſtrated, and may 
be clearly underſtood. 

Queſt'I. Suppoſe 250 1. hath been at Intereſt Seven 
Years, What doth it amount to, at 6 per Cent. per —— 
Compouna-Imt ereft ? 

Here is given ÞP = 250 7f = 7 and #5 = 1,06 
For 100; 6::1:1,06 = 4 the Firlt Year; Then it 
follows, that if a be Involved ſo often, until its In- 
dex = 7, viz. a7 = a. And then Multipticd into P it 
will produce z as appears by the Theorem Pa* =z 

But @a = 1,06 ©- 7 times = 1,50363 

And 250 x1,50363 = 375,9075 =2 

That is, 3751. 18s. 24. is the Sam produced from 
250 {. having. been ar Compormd-Intereft 7 Years, (as 
above propoſed.) 

Queſt II. Suppo/e 375 |. 18 & 24. were 70 be paid 
Seven Years hence, What is it' worth in yeady Money, 
abating 6 yer Cent. per Annum, Compound-Intereſt ? 

Here is given z = 375,9075 t = 7 and 4 = 1,06 


That is, - any tine propſed :: $0 is 10. 100. 100 or 


£0 find P. 


General Theres Þ of = z, therefore. z = s =P 
: But 


Tt " 5 + 4 bas K "— RIVID FO 
Fo 8 4) ; 1 
8 "= $2. 4 
OC 
DI - o 


x08 
"But a = 1,06 ©» 7 times = 1,50363 

And 375,9975 — 1,590363 = 250 =P. 
Anſwer it is worth 25 © /. Ready Money. 

Queſt. III. Suppoſe .250 1. hath been at Intereſt , and 
the Anmmunt is 375 |. 185. 2d. at 6 per Cent.Com- 
pound Intereſt, How long hath it been foreborn. 

Here is given P=250 2 = 375,9075 And 4=1,06 for 


one Year. Thence to find 5 = the Index Power of 4a. + 


General Theorem P at = 2, Therefore z — p = at 

Conſequently if &* be continually Divided by 4, until 
it become #4 — 4 — 1 the Number of ſuch Diviſions 
will be = *. For ſuch Number of Diviſions diſcovers 
how oft (a) was involved. 

But 375,90 75 — 250 ZZ 1,50363 = at. 

And 1,50363 — 1,06 = 1,41851 

Again, 1,418518 — 1,06 = 1,3-38225 
And ſo on, until it become 1,06 -= 1,06 which will be 
at the Seventh Operation. : 

Then will £ = 7 the Number of Years required. 

Quett TV. Suppoſe 250 1. hath been forborn Seven Tears, 
and the” Debtor is willing to give 'up both Principal and 
. Intereſt, proffering 3751. 18s. 2d, to be cleared, 


What Rate of Intereſt per Cent. (allowing Compound In- 


rer «4 ) aoth hereby offer to the Creditor ? 
ere 15S given m_ —_ fi=: 
— nf - 250 2 = 375,9075 andre —=7 
.General Theorem Pa" = z Therefore 2z=—p = 
Thatis a = a? Conſequently, EZ = Þ = aw 
But Z =P =1,50363 = G | 
" Put pape=a  ; 
1 + 7rie d-21fee = #7 =G 
| 3 +rebzree = 3G 
Then £3717 + re + 3ee = 5G 7 
4 


- G 
—_— — 
rej 3re = — Irr=D 
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Hence ariſcth this 


D 
J an CO—— — 
Tine0rem + 3 — © 


<1 eo363 = 
214804 = > G — 75 
—_ 142857 = » #Y 
$--- # gangs 7 
= 385 = ,.1d 071947 = D lob = 6s 
{or "a 
Divifo I,1t5S 
Firlt » = 1, ,214$0428 = ;G& x 
«me == 00 16051432 = 14G — 
New 7 = 1,06 — 16051428 = } rr 


,00000004 

From hence it appears, that ' 1,06 = 4 

FO :R06::100:6 = the Rate of Intereſt re- 
q':1red, 

But if in any Queſtions, cither of Intereſt or Annuities, 
the crime given or ſought, be not terminated by whole 
Years (as before) bur lies upon Weeks, Months, Quarters, 
half Year s, Three Quarters, &-c. the beſt Method for Re- 
ſolving ſuch Queſtions, is fi {t to Reduce ſuch Broken or 
Fractional parts of the Year into Days, v:z. 5+ = 7 Days, 
iz = 30,4 Days, : = 91,25 Days, 1 = 182,5 Days, 
3. = 273,75 Days, and fo for any odd Number of Days 
that falls betwixt tich even parts of the Year. This being 
done, find an Anſwer, according to the Demand of the 
Queition (and agreeing to one Pound as before) for the 


. Number of Days pr opoled. Now for the performance of 


this (and as 2 Foundation for the anſwering all ſuch De» 
m2nds as lies upon the parts of a Year, be they Equal or 
Uncqual ) it will be requiſite ro Relolve this following 
Queition, 

IWhat 1s the Amount or if you pleaſe the Intere Fl of 9728 
Pont for one Day; at 6 per 'onn! oo ; - Anruin, Compound 
Intereſt ? 

For the Amount ſor :ght, pur , then (according to tize 
laſt Line in Paze 106) it will be, 


I; A; 4; aa; aa; aaa; aaa; tides — 
L That 


- 


An Appendir. * 


As one Pound: Is to its Amount for one Day : : So 
is that Amount : To the Amount for Two 


That is, Days : : : And ſo is that of Two Days : To that 


of Three Days : Aud ſo on to 365 Days. 
The laft of which will be 43% = 1,06 
Put r ++e=4 
P3565 bj 23651354 e4- 664307353282 = 1 = G 
T6 1365 + 13548 + 182736306 = 55; G 
Then & 557 77 +76 = 18200 = 3575 Tn 1355 


T 
> G 
—c__.v7.] r 


D 
Theorem $2705 =2-8 


Let r7=1, ,00290410DZ= x-G-= 7363 
-182e= 0182 —00273972 = perry 

Divifor 1,0182 00016438 = 

10182 (,00016=e 

New # = 1,0001 625600 
—þ 1382e = 901092 G6oO6612 

Diviſor 101102 

New # = 1,00016 for a Second Operation. 

Then is ,00274025636372 = I —_ 


' And — ,00274060280986 = x;7707 * 
Hence it appears the Exceſs lieth upon x; TILE and 
therefore the Difference, Or New Refolvend, will have 


the Sign — and conſequently it muſt be — e 
— ,00000034644614 = _ 
#=1,00016 30003162 (=-,0009003 =e 
— 182e=1,00005 46 46414520{=— 464=* 
- Divifor 1,0001054 40094216) 
I» 6410304 
Laſt »= 1,00016 F 6000630) 
— fe 090000346 4 49967 4 
8 = 1,0001596536 400049 


This Valuc of 4a, is the Amount of 1 /. for one-Day 3 
trom 


" OE” 
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from which, if 1 /. be Subſtrafted , the Remainder 
0001596536 will be the Intereſt of 1/. for one Day, 
Conſequently, if any propoſed Sum be Multiplicd into ei- 
ther ot theſe, the reſpective Product will be the Amount, 
or Intereſt of that Sum for one Day, | 

And if from hence, were Calculated a Table of the 
ſevcral Powers of 42, it would then be 

4.4 .4a*,a+. 4% .a* . a' — the Amounts, 
ff. 13. 4. 5 $7 Dem, 

4 and fo continued on t» 49? = 1,06 the Amount for 
365 Days. 

This Table would be of good uſe for the ſpeedy Reſol- 
Y ving of all Queſtions relating to Compound Intereſt, &c., - 
| for any number of. Days leſs than one Year, as might be 
ealily ſhew'd ; but I ſhall omit giving Examples thereof, 
what hath been already deliver'd , being ſufficient ( if bs 
coaſider'd, and once underſtood ) to render the whole 21S 
Bulineſs of Compound Intereſt Eaſe : Neither indeed can 4 
e that of Annnities, Penſions, and Leaſes in Reverſion, &c. J 
be then difficult ; their difference being only this, Com- 
pound Intereſt is grounded upon a Rank of Geometrical 4 
Proportionals continually increaſing (as in Page 107) the 
buſineſs of Arnuities, &c. is grounded upon a Rank of + # 
Geometrical Proportionals ( but) continually decrealing, 4 
And 1nay be thus expreſs'd. '3 
Penſion, or Annuity ;and is the firſt or greateſt 
Term in the Progreſſion. | 
Time of Continuance (as in Intereſt) and is 
the Number of all the Terms except the Firſt. 


4 thed Rate of Intereſt for one Pound (as before) and 


ne = the 


8 = wy 


_ LET is the common Ratio of all the Terms. 
3 Sum of all the Terms, except the fir{t, and is 
z = thee the Price, or preſent worth of any | Annuity, 
or Penſion, &c. *, 
Theſe premiſed, the Progreſſion will be 
ID OD COR 02 , # 96 
| $3 wy + <p 6 anne. © © eng bs $0. 2 &c, in == 
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An Appendix. 


Until it become _ 


That is , until the Index of the 
Power of 4, be equal to the time of Continuance of the" +; 


P F 
Annuity. In this Progreſſion = is the laſt Term, 4 4 


ATE IM P 
Then z — 77 will be the Sum of all the Antecedents. 


& 2** T is 


: y 
And 2 — 7 will be the Sum of all the Conſequents. 


* As one of the Antecedents : Is to its Conſequent :: 
© "Then & So 7s the Sum of the Antecedents : To the Sum of 
: the Corſequents. (vide Page 25) 


« \ P 
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That is, 24 = =2Z = - 
; By iT ouation may all the Caſes in Annuities er Pcn- 
fions, &c: (that are bounJed by Time) be Reſolved, b 
tranſpoling and ordering the ſevera] parts therect, accord- 
ing as the Nature and Demand of the Queſtion requires. T 

Farinttance, Suppoſe the Yearly Penſion or Leaſe, Tears 

2, "Continuazce, and Rate of Intereſt were each givcn, 
£*Thence-to find the worth thereof in preſent Money, ; 6, 
Here is given-P, 7, and 9, to find <. 77 


t G P | Ps 
ts The Agquation W—EEp_t therefore z =P — = 


& 1 a — 1 
The like for finding any of the other Parts,v:z. P, 7, ora. A 

7I conceive ir needleſs to ſuit Arithmetical Examples there- | $91, 
unto; they being perform'd in all reſpects like unto thoſe | neg 
of Intereſt. 1 ſhall therefore leave them'tothe Exercile of | Nep 

, the Pradtticioner. To whom 1 wiſh all good ſauccels,  - pita 
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+ Navigation, Plain, Mercatf's and- Cireulgri*s ny _ 


of » Well-ftreer, "act Wet CloſtN Oar eyFey 
'are Taught ſeveral Parts of Ne [8 
Mathematics, Zy the Author of this #8 n 
Comparynnne” J. Ward. - Eh 
V 1%. | 
Withmetick, Fuger, Decimal, and by Logarith ms, E 
Agebza, wich the neweſt Improvements. A 
'*Geoinetry, borh the Prigciples and Practices A 
| Trindndmetry, Plain and Spherical. 53 


Aftronomy, Dialling , Surveying > - 
Gauging, 8c. Bo +. % 


"oy. 
ho 
ro. 


* 


Uſe of the Globes , and all Ufeful '2; 
Mathematical Jnſfruments, 8c. - 7 


 Tho#t, e that deſire, may be inſtructed Abroad, OD 
attended at ſuch Times and Places as" they Wy S be. 
pleas d to appoint. FO | 7 


There is omitted in the Title; , this Compendiun 
be ſold by Philip Lea, Globe-Maker at the Atlas and Her 


in Cheap-fide, and at ſeveral of the mares nn, - 
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